k 


< 


ii 


I 

' # 


\ 


, reo 


Sk<o^^foc^ 

■t  aaXc 


■Co-u. 

■ /A  bA 

/ 


22!  0 in  (435,0^ 


L 


A 


I 


/ 


r 


r 


I 


I 


■r 


/ 


e»  . 


V 


* 


j 

NATURAL  AND  EXPERIMENTAL  • 

PHILOSOPHY, 

CONSIDERED  IN  It’s  PRESENT  STATE  OF 

IMP  ROVEMENT. 

I ’) 

©escribing,  in  a FAMILIAR  AND  EASY  MANNER, 

THE  PRINCIPAL  PHENOMENA  OF  NATURE; 

AND  SHEWING, 

THAT  THEY  ALL  CO-OPERATE  IN  DISPLAYING 

THE 

GOODNESS,  WISDOM,  and  POWER  of  GOD. 


By  GEORGE  ADAMS, 


Mathematical  Inftrumcnt  Maker  to  His  Majefty,  and  Optician  to  Hi» 

Highnefs  the  Prince  of  Wales, 


Royal 


VOL.  IL 


LONDON: 

PRINTED  BY  R.  HINDMARSH, 

printer  to  his  ROYAL  HIGHNESS  THE  PRINCE  OF  WALES, 
OLD-BAILEY. 

SOLDbytlie  AUTHOR,  No.  6o,  FLEET-STREET. 


1794. 


Digitized  by  the  Internet  Archive 

in  2016 


I 

/ 


• 1 -•■’raft 


A 


https://archive.Org/details/b28707540_0002 


TABLE  of  CONTENTS. 


LECTURE  XII. 

Page 


UF  the  nature  and  properties  of  ivater  l 

Of  the  cornpofition  and  decompofition  of  water  — 3 

Of  water  in  a fluid  flate  5 

Prefence  of  water  in  the  atmofphere  7 

Of  water  as  mixed  and  combined  with  bodies  — 1% 

. Of  the  origin  of  fprlngs  and  rivers  17 

Of  the  faltnefs  of  the  fea  •—  — -26 


LECTURE  XIII. 


Of  water  in  the  fate  of  ice  

To  make  ice  

To  produce  a great  degree  of  cold  

An  abflradf  of  Mr.  De  Luc’s  General  View  of  Chemiftry, 
deduced  from  confidering  the  changes  of  ice  into 

water,  and  water  into  ice  

Of  water  in  a flate  of  vapour  

Mr.  De  Luc’s  thoughts  on  the  laws  of  evaporation,  &c. 

Of  veficular  and  concrete  vapour  - 

Of  mineral  waters  — .. 


33 

48 

51 


55 

70 

75 

86 

89 


A 2 


LECTURE 


IV 


\ 

CONTENTS. 

LECTURE  XIV. 

... 

Of  the  method  of  reafoning  in  philofopliy  — 

LECTURE  XV. 

On  optics  1 

■Definitions  — 1^2 

Of  the  general  principles  of  optical  demonftration  154 

Of  refraclion  — 1^8 

Of  the  force  and  intenfity  of  light  164 

Of  images  and  foci  169 

Of  refradlion  at  a plane  furface  171 

Of  refraClion  at  a convex  furface  iy6 

Of  refra^ion  at  a concave  furface  180 

Of  glafs  lenfes  183 

Of  biirning-glafies  193 

Of  the  fcioptric  ball  197 

Of  the  magic  lanthorn  206 

Further  remarks  on  convex  lenfes  207 

Of  concave  glalfes  209 

To  find  the  focal  length  of  lenfes  213 

Of  the  brightnefs  and  diflin£f  nefs  of  an  image  217 

A general  view  of  the  phenomena  of  lenfes  218 

LECTURE  XVI. 

Of  catoptrics  — 224 

Of  plane  mirrors  — — 229 

Of  convex  mirrors  230 

To  find  the  focal  length  of  fpeculnms  — 244 

General  properties  ol  fpeculums  — ■ — 245 

Of  pictures  leen  in  a concave  fpeculum  — 247 

Of 


4 


CONTENTS. 


V 


Of  vlfion  by  a convex  fpeculmn  •— 

Of  vifion  by  a plane  fpcciilum  

LECTURE  XVIL 

Of  the  nature  of  vifion  

A defcription  oi  the  eye  — 

Of  the  figure  reprefenting  the  eye 

Of  vifion  ■ - 

Of  the  artificial  eye  

Of  the  inverted  pofition  of  the  image 
Of  diftitiT  and  indilHn£t  vifion  — 

Of  the  changes  in  the  eye  for  diftindt  vifion 

Of  the  pupil  of  the  eye,  &c.  

Of  long-fighted  eyes  

Rules  for  the  choice  of  fpedlacles 

Of  prefervers  for  a long  fight  

Of  couched  eyes  - 

Oi^he  fhort-fighted  - — ; — 


Page 

250 

251 


259 

268 

286 

289 

292 

294 

304 

309 

3H 

319 

324 

325 
330 
332 


LECTURE  XVIII. 


On  the  nature  of  vfton  — ^ — 

Of  the  difiance,  magnitude,  and  apparent  place  of  objedls 

Of  apparent  magnitude  ■ — — 

Of  apparent  m.otion  — — 

Of  vifion  by  images  ' 


337 

337 

344 

346 

353 


LECTURE  XIX. 


Of  Colours 


LECTURE 


vi 


CONTENTS. 


LECTURE  XX. 

Page 

Of  the  rainboiv  — — — 385 

Of  the  reparation  of  the  rays  of  light  occafioned  by  the 
thlcknefs  ot  the  medium  on  which  they  are  incident  393 

Of  fits  of  ealy  reflexion  and  tranfmifiion 401 

Of  the  permanent  colours  of  natural  bodies  — 403 

Mr.  Delaval’s  account  of  permanent  colours  410 

t 

LECTURE  XXL 

Of  phofphorlc  bodies  — — — 428 

General  obfervations  on  the  operations  of  light  444 

Of  the  infie6lion  of  light  454 

Of  the  a6lion  of  light,  colour  of  plants,  &c.  — 458 

LECTURE  XXIL 

Of  telef copes  — — — 479 

Of  refra£ling  telefcopes  483 

Of  the  Galilean  telefcope  ' 485 

Of  the  agronomical  telefcope  — 493 

Of  the  firfl  aberration  of  convex  lenfes  501 

Of  the  fecond  aberration  of  ditto  507 

Of  the  condrudfion,  occ.  of  telefcopes  made  with  dif- 

^?'ferent  eye-glalfes  5^8 

Of  achromatic  telefcopes  ■-  517 

Of  refledling  telefcopes  527 

Ot  the  Gregorian  telefcope  •—  5^9 

Of  the  Newtonian  telefcope  — — 534 


LECTURE 


CONTENTS. 


• * 

Vll 

LECTURE  XXIII. 

Page 

Of  mtcr of  copes  — — ' ■; — 538 

Of  the  optical  efFe£l  of  mlcrofcopes  ■■  541 

Of  the  Tingle  microfcope  546 

Of  the  double  or  compound  microfcope  549 

Of  the  Tolar  microfcope  551 

General  obfervations  — • — 552 

ConcluTion  — — - ^5^ 


LIECTURES 


O N 


PHILOSOPHYp 


.OF  THE 

« 

NATURE  AND  PROPERTIES  OF 

• > 

WATER. 


LECTURE  XIL 

The  ftu^y  of  nature  is  as  much  dillinguiihed 
from  other  fubjedls  by  the  importance  of  it’s 
•matter,  as  by  the  variety  of  it’s  topics.  But 
amidft  all  this  variety,  the  true  philofopher  is  interr 
efted  by  the.objedls,  onlym  proportion  to  the  indi-? 
•cation  they  aiFoid  of  delign  and  providence  in  the 
.government  of  the  world.  This  confoling  tefti- 
mony  you  will  find  fpread  abundantly  over  the  face 
.of  nature ; it  is  every  where  diftributed  into  mafTes 
and  portions^  according  to  the  nature  of  the  fub- 
‘ jed:.  Every  objed;  we  meet  with,  great  or  finally 
bears  the  flamp  of  an  all  perfect  creator,  is  a 
^mark  of  his  wifdom,  a monument  of  his  power, 
and  a proof  of  his  goodnefs  : many  inftanccs  of  the 
.order,  beauty,  harmony,  and  proportion,  in  the 
works  of  nature^  have  been  exhibited  in  the  fore- 
going Ledures.  The  fubjeds  that  I am  going  to 
^reat  of  in  this  Ledure  will  furniih  us  with  more. 
VoL.  IL  B 
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As  you  ad\Tince  in  the  knowledge  of  nature’s  va- 
rieties, yourmirid  will  be  opened,  and  you  will  find 
frefli  ornament  in  truth^  frelh  dignity  in  devotion,, 
and  frefii  reafon  in  religion.  By  thus  employing 
your  contemplations,  you  v ill  not  only  enjoy  the 
purefi:  plcafure,  but  ydti  will  learn  in  the  fcriptural 
phrafe  to  zva/k  zvilh  God,  and  chenfli  towards  him 
a certain  loyalty  of  heart  that  brings  all  the  ar- 
dours and  fenfibilitics  of  our  nature  to  t-he  fide  of 
religion. 

From  treating  of  air  arid  fire,  I now  proceed 
to  confider  the  nature  of  water,  whofe  wonderful 
properties  are  alone  an  aburidant  foiirce  of  know- 
ledge. It  is  a fubllance  that  in  a certain  degree 
of  heat  fluid,  in-  a lefs  it  h'folid^  and^  with  a 
greater  degree  is  convertible  into  an  eiaflix  zjapouf 
of  incredible  force,  k is  capable  of  diflblving  all 
kinds  of  falts,  of  abforbing  and  detaining  in  it’& 
fubfiance  the  air  of  the  atmofphere,  of' being  ele- 
vated and  fufpended  in  immenfe  quantities  in  the 
regions  thereof.  In  the  general  oeconomy  of  na- 
ture, water  promotes  folution,  reparation,  afibcia- 
tion,  and  fubfidence.-  It  is  a fubfiance  which  en- 
ters into  fo  many  operations  both  of  nature  and* 
art/  that  to  give  you  a full  defeription  of  it’s  pro- 
perties would  include  thofe  of  moft  other  fub- 
fianccs. 

It’s  weight  is  ufed  as  the  meafure  of  fpeeific 
gravity.  It’s  temperature  at  the  changes  from  foli- 
dity  to  fluidity,  and  from  thence  to  the  elafiic  fiate,. 
are  taken  for  the  fixed  points  of  thermometers. 

Water  confiitntcs  not  only  the  principal  parti 
of  blood,  milk,  wine,  oil,  and  other  fluids,  but 
alfp  enters  in. a large  juoportion  into'  the  confiitu- 
tion  of  the  folid  parts  of  all  animal,  vegetable,’ 
and  of  many  mineral  lubfiances. 

Water 


* Loo1<er  on.  No.- 1 c. 


Nature  a?^d  Properties  oe  Water.  3- 

Water  ferves  to  tHe  art  and  navigation  of  man, 
as  air  ferves  to  the  wings  of  the  feathered  fpecies; 
It  is  the  eaf/  and  fpecdy  medium,  the  ready  con- 
dud  and  conveyance,  whereby  all  redundancies  are 
carried  off>  and  all  wants  fiipplied.  It  makes  man 
as  it  were  a denizen  of  every  country  on  the  globe. 
It  fhortens  every  dillance,  and  ties  the  remotelt 
regions  together.  It  carries  and  communicates  the 
knowledge,  the  virtues,  the  manufadurcs  and  arts 
of  each  clime  to  all.  It  gives  fprings  to  induftry, 
energy  to  invention^ 

i 

Of  the  Composition  and  Decomposition  of 

Water.* 

* 

Until  very  lately  this  fluid  has  been  always 
confidered  as  a fimple  fubllance.  The  experiments 
of  Mr.  Lavoifier,  which  I hdve  related  to  you  in 
a former  Ledure,  has  induced  many  to  cortfider  it 
as  a compound,  confiding  of  inflammable  and  vital 
airs : in  other  w^ords,  that  the  whole  mafs  of  any 
quantity  of  water  may  be.  converted* into  inflam- 
mable and  vital  air  : and  that  the  combuftion  of 
thefe  airs  produces  a volume  of  w’atcF  proportioned 
to. the  weight  of  the  airs  employed  in  the  experi- 
ment. Though  I have  already  flicwn  you,  that  the 
experiments  of  Mr.  Lavoifier  and  the  French  che- 
miffs  by  no  means  warrant  the  dedudions  they 
have  made  from  them,  yet  as  they  have  made  thefe 
experiments  the  bafis  of  a new  lyftemof  chemiffry, 
and  have  invented  and  appropriated  a new  fet  of 
terms,  in  order  to  propagate  it  more  readily,  it 
w ill  be  necelfary  in  this  place  further  to  inveftigate 
the  fubjedi 
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That  their  experiments  'do. not  authorize  tKcir 
conclufion,  appears  from  this,  that  “when  vital  and 
inhammable  airs  are  decompofed  by-heati  Ve.find 
both  fromthe  experiments  of  Dr.  PriefHey'ahdthe 
French  chemifts,  that  the  nitrous  is  always 
•formed;  and  though  this  acid  has  been  faid  to 
come  from  the  phlogifticated  air,  which  could  not 
be  wholly  excluded  in  the  procefs,  there  are  feveral 
confiderations  that  prove  the  acid  could  not  have 
this  fource ; the  more  fo,  as  this  procefs  does  not 
at  all  decompofe,  or  in  the  fmalleif  degree  affedl 
phlogifticatcd  air. 

In  what  ever  manner,  fays  Dr.  Prieftley,  vital 
and  inflammable  air  be  made  to  unite,  Joyne  acid 
is  produced,  and  in  no  cafe  pure  water.  If  iron, 
containing  phlogiflon,  be  heated  in  vital  air ; or  if 
precipitate  per  fe,  containing  vital  air,  be  heated  in 
inflammable  air,  fixed  air  is  always  formed;  whereas, 
according  to  the  modern  hypothcfis,  water  ought 
only  to  be  produced  in  both  cafes. 

Water,  they  aflert,  is  always  decompofed  w hen 
it  is  made  to  pafs  over  red-hot  iron;  the  iron  accord- 
ing to  their  opinion  imbibing  the  acidifying  prin- 
ciple, the  remainder  going  oif  in  inflammable  air. 
Now  it  is  unfortunate  for  this  hypothcfis,  that  no 
fubftanccs  will  anfwer  for  this  experiment,  except 
fiich  as  have  always  been  confidered  as  containing 
phlogiflon.  It  is  therefore  mofl  probable  to  fup- 
pofe,  that  the  inflammable  air  is  formed  by  the 
phiogifton  from  thefe  fubflances,  water  being  the 
bafe ; and  that  if  any  part  of  the  fubfiance  remain 
and  acquire  weight,  it  receives  that  additional 
V.  eight  from  water  only. 

7'hat  phlogiffon  is  an  element  of  w'ater  feems 
probable,  i fl,  bccaufe  water  condudfs  cledlricity  like 
u^ctals  and  charcoal,  into  which  the  fame  princi- 
ple enters;  and  2dly,  bccaufe  when  fVefli  diftilled 
It  attradts  vital  air  from  the  atmofphere,  which  is 

aifo 
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alfo  a,  property  of  other  bodies  containing  phlo- 
giflon.  In  this  fenfe  it  may  be  faid  to  contain  both 
the  principles  of  the  new  theory,  though  it  is  a fenfe 
that  entirely  overthrows  that  theory. 

Without  however  entering  more  minutely  into 
this  inveftigation,  it  is  fufficient  to  obferve,  that 
the  formation  of  nitrous  acid  from  the  combulVion 
of  inflammable  and  vital  airs,  clearly  proves  that 
water  is  not  a compound  of  thefe  airs ; or  that  it  ts  only 
foy  in  a certain  proportion  of  thefe  ingredientSy  whiles 
another  proportion  yields  nitrous  acid. 

For  by  admitting  the  formation  of  the  nitrous 
acid  from  the  fame  fluids,  the  argument  for  the 
compofltion  of  water  drawn  from  the  complete 
fubftitution  of  an  equal  w'eight  of  water  to  that 
of  the  airs  which  disappear  by  combuftion,  no  lon- 
ger exHts ; and  as  the  appearance  of  a large  quan- 
tity of  water  in  thefe  experiments  is  readily  ex- 
plained from  the  precipitation  of  the  water  which 
is  known  to  be  fufpended  in  thefe  elaflic  fluids,  or 
which  even  make  a neceflary  part  of  their  compo- 
, fition,  no  fadl  remains  on  which  the  hypothefls  of 
the  formation  of  water  from  any  proportion  of  in- 
flammable and  vital  air  is  grounded.  The  funda-- 
mental  experiment  of  this  doctrine,  namely,  the" 
equal  fubftitution  of  water,  and  nothing  but  w ater, 
to  the  airs  which  difappear,  being  removed,  the 
jirugture  with. all  it’s  ornaments  muft  fall,  and  no 
other  veftige  will  remain  but  the  ingenuity  and  Ikill 
of  the  artift. 

Of  Water  in  a Fluid  State. 

^Water  is  confidered  as  a pellucid,  colourlefs 
fluid,  taftelefs,  and  without  fmcll,  nearly  incom- 
.prcffible,  and  elaftic  only  in  a fmall  degree.  It  ad- 
l^hcres  to  the  fubftanceof  moft  bodies,  but  penetrates 
.and  incorporates  with  a ftill  greater  number.  It 
. B 3 extinguift'ies 
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cxtinguiflies  flame.  It  is  capable  of  palTing  through 
various  ftates  of  aggregation,  from  the  folidity  of  ice 
to  the  tenuity  of  vapour. 

Many  have  confidered  ice  as  the  natural  ftate 
of  water,  and  the  fluidity  thereof  as  a Hate  of  vio- 
lence, or  as  ice  kept  in  continual  fufion,  and  return-i 
ing  to  it’s  former  ffate,  when  deprived  of  a certain 
.quantity  of  fire.  Were  you  to  define  lead  and 
water,  you  would  call  one  a foiid,  the  other  a fluid, 
efteeming  thefe  their  natural  condition.  Yet  if 
water  be  not  acted  upon  and  combined  with  a cer- 
tain quantity  of  fire,  it  becomes  a foiid.  We  call 
that  ftate  natural  which  falls  immediately  under 
our  obfervation.  If  w e had  lived  in  Saturn^  w'e 
fhould  have  given  but  one  name  to  ice  and  water,  al- 
though we  might  now  and  then  havefeen  it  liquified 
in  fummer  ; and  on  the  other  hand,  had  we  been  born 
in  Mercurvs  we  fhould  have  deemed  lead  a fluid. 

m/  ^ 

The  particles  of  wearer,  though  moveable 
amongft  themfelvcs  with  the  greateft  eafe,  yet  ad- 
here together  with  a certain  force ; thus  a drop  of 
water  remains  fufpended  at  the  end  of  the  finger, 
although  the  inferior  particles  only  touch  other  par- 
ticles of  the  fame  fluid.  This  adherence  of  the  par- 
ticles prevents  fmall  needles,  or  very  thin  plates  of 
metal  from  finking  therein,  as  they  refill  diviiion 
more  than  the  excefs  of  the  fpecifie  gravity  of 
thefe  bodies  over  a relative  volume  of  water. 

Wq,ter  can  only  be  compreffed  in  a very  fmall 
degree,  fo  fmall  that  it  may  in  general  be  conlidered 
as  incompreffible,  as  will  be  evident  to  you  by  con- 
fidering  the  Florentine  experiment  which  I have 
already  mentioned  to  you.  That  it  is,  however, 
cdmprelTible  in  a fmall  degree,  may  be  proved  by  an 
eaiy  experiment : put  w^ater  into  a bottle  with  a 
Hem  nicely  graduated,  obferve  the  degree  at  which 
it  Hands,  and  place  the  bottle  under  the  receiver  of 
an  air-pump,  and  exhauH  the  air  therefrom ; when 

the 
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;the  prefTurc  of  the  air  is  removed,  the  fluid  will  rife 
•a  little. 

We  have  no  fluid  more  fubtil  and  penetrating 
than  water,  except  fire  ; it  enters  into  the  .minuteit 
particles  and  pores  of  matter,  .the  finefl:  vcflels  of 
animals,  and  the  fmallcft  tubes  of  plants,  and  will 
pierce  through  fubflances  which  will  detain  air  it- 
ielf.  Tliis  penetrative  power  of  water,  together 
-with  it’s  fmoothnefs  and  lubricity,  penders  it  a fit 
vehicle  for  ,the  eafy  conveyance  of  the  niitritious 
piatter  of  all  bodies. 

It  enters  into  the  cQmpofition  of  all  the  fub- 
ftances  belonging  to  our  eaitfi.  There  is  probably 
no  fubfiancOj  whether  animal,  vegetable,  or  mineral, 
without, it-  Every  being  with  life,  in  a great  de- 
.gree  lives  hy  jt ; And  whatever  grows^  through  it 
receives  it’s  growth  : and  w'hcrevef  it  enters,  accord- 
ing  to  the  oeconomy.of  providence,  it  promotes  and 
'fuflains  life,  preferving  all  material  nature  in  their 
proper  dalles  of  exiflence.  It  bears  a part  in  the 
ibrmatipri  ^^and  decompofition  of  all  the  mineral 
kingdorn.  It  is  neceflary  to  the  free  exercife 
of  the  fund  ions  of  the  animal  body,  and  haflens 
and  facilitates  the  deflrudion  of  both  .vegeta- 
bles and  animals  .as  foon  as  they  are  deprived  of 
life.  But  wheth^  you  confider  it  as  produdive  of 
health  to  animals  and  vegetables^  as  requifite  to 
the  beauty  and  exiflence  of  the  earth,  or  as  one  of 
the  great  powers  by  which  God  works  in  the  fuflen- 
tation  and  adion  of  the  whole  univerfe  ; you  can- 
not but  admire  the  fublime  propriety  with  which,  as 
a fenfible  image,  it  is  ufed'in  ‘the  facred  fcripturcs, 
to  reprefent  divine  truth,  and  the  holy  influence 
.of  our  God  and  Saviour. 

\ 

Presence  of  Water  in  the  Atmosphere. 

So  great  is  the  neceflity,  ufe,  and  importance  of 
this  fluid  in  all  things,that  fomeancicnr  philofophers 
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were  JmprefTed  with  a notion  of  it*s  being  the  firif 
principle  of  univerfal  Life,  Itfcems  to  be  univerfally 
diffufedi  And  it  will  be  eafy  to  convince  you  of 
the  great  quantity  contained  in  the  air.  You 
may  be  faid  to  walk  in  an  ocean;  the  water  in- 
deeci  Of  this  ocean- does  not  become  the  objedt  of 
Our  fenfes,  we  cannot  fee  it,  nor>  whilft  it  continues 
thus  fuftained  in  the  air,  do  we  feel  that  it  wets  us; 
but  it  is  ftill  water,-  though  it  is  neither  vifible  nor 
tangible;. juft  as  fugar,  when  diftblved  in  water,  is  ftill 
fugar,  though  we  can  neither  fee  it,  nor  feel  it.  Some 
are  puzzled  to  find  water  enough  to  form  an  univer- 
fal deluge ; * to  afllft  their  endeavours  it  may  be  re- 
marked, that  were  the  whole  precipitated  which  is 
contained  in  the  air,  it  might  probably  be  fufficient 
to  cover  the  furface  of  the  whole  earth  to  the  depth 
of  above  30  feet*  If  a bottle  of  wine  be  fetched 
out  of  a cool  cellar  in  the  hotteft  and  drieft  day  of 
fummer,  it’s  furface  will  foon  be  covered  with  a 
thick  vapourj  which  when  tafted  appears  to  be 
waten  This  watery  vapour  cannot  proceed  from 
any  exildation  of  the  wine,  through  the  pores  of 
the  bottle,  for  the  glafs  is  impervious  to  water,  and 
the  bottle  remains  full,  and  when  wiped  dry  it  is 
foilrid  to  weigh  as  much  as  when  taken  out  of  the 
cellar.  The  fame  appearance  is  obfervable  on  the 
outfidc  of  a ftlver,  or  any  other  metallic  vefteh  in 
which  iced  water  is  put  iri  the  fummer  time;  and 
it  is  certain,  that  the  water  which  is  condenfed  on 
the  furface  of  the  veftel  does  not  proceed  merely 
from  the  moifture  exhaled  by  the  breathing  of 
the  people  in  the  room,  v/herc  you  may  notice  the 
experiment,  becaufe  the  fame  effeeft  will  take  place 
if  the  veftel  be  put  in  the  open  air.  Water  which 
is  Cooled  by  the  folution  of  any  fait,  or  even  fpring- 
water  which  happens  to  be  a few  degrees  colder 
than  the  air,  produces  a fimjlar  condenfatlon  of 

Vapour 
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Vapour  on  the  outfidc  of  the  veflel  in  vihich  it  is 
contained.  Thefe,  and  other  appearances  of  the 
fame  kind  are  to  be  explained  on  the  fame  princi-? 
ple<  When  warm  air  becomes  contiguous  to  the 
outward  furface  of  a vcfiel  ’containing  cold  li- 
quor, the  fire  by  which  the  water  is  fufpended 
in  the  air,  and  quits  and  pafles  through  the  vefTel 
into  the  liquor,  to  reftore  it  to  the  temperature 
of  the  place,  and  the  water  ceahng  to  be  fufpend- 
ed in  the  air,  attaches  itfelf  to  the  furface  of  the 
cold  veflel. 

Another  method  of  proving  the  exigence  of 
W^afer  in  the  cleareft  air,  is,  to  obferve  the  in- 
creafe  of  weight,  which  certain  bodies  acquire  by 
expofure  to  the  open  air.  Dr.  Watfon  put  into 
the  open  air  eight  ounces  of  fait  of  tartar,  which 
had  been  well  dried  on  a hot  iron ; the  day  was 
without  a cloud,  the  barometer  at  30  inches ; in 
the  fpace  of  three  hours,  from  1 1 to  2 in  the  af- 
ternoon, the  fait  had  increafed  two  ounces  in 
weight.  In  the  courfe  of  a few  days  it’s  weight 
was  increafed  to  20  ounces ; it  was  then  quite 
fluid,  and  being  diftillec^  it  yielded  a pure  water, 
equal  in  weight  nearly  to  the  increafe  it  had  ac- 
quired. from  the  air.  Strong  acid  of  vitriol  is 
another  body,  which  abforbs  humidity  ftrongly 
from  the  air.  An  ounce  of  this  acid  has  been  ob- 
ferved  to  gain  in  twelve  months  above  fix.  times 
it’s  own  weight* 

The  increafe  of  weight  experienced  by  the 
human  body  (in  many  cafes  from  the  water,  which 
the  pores  of  the  body  fuck  in  from  the  air)  is  an- 
other very  fenfible  proof  of  the  great  quantity  of 
water  fufpended  in  the  air.  The  Bilhop  of  Llan- 
daff  mentions,  among  many  inftances,  one  of  a 
lad,  at  Newmarket,  a few  years  ago,  who’  having 
been  alrnoft  .ftarved,  in  order  that  he  might  be 
reduced  to  a proper  weight  for  riding  a match, 
■>  ; ) • V \ ' w as 
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•was  weighed  at  nine  o’clock  in  the  morning,  ancj 
again  at  ten,  and  was  found  to  have  gained  near 
thirty  ounces  in  weight  in  the  courfe  of  an  hour, 
though  he  had  drank  only  kalf  a glafs  of  wine 
the  interval.  The  wine,  probably,  fUmulatcd  the 
action  of  the  nervous  lyftem,  and  incited  nature, 
exhaufted  'by  abftinence,  to  open  the  abforbent 
pores  of  the  whole  body,  in  order  to  fuck  in  fome 
nourifhment  from  the  air.  It  is  well  known,  that 
perfons,  who  go  into  a warm  bath,  eorae  out  fe- 
deral ounces  heavier  than  they  went  in,  their 
bodies  having  imbibed  *a  correfpondent  quantity  of 
water.  Part  of  the  utility  of  medicated  vapour- 
baths  depends  on  this  principle  -qf  iipbibition  by 
the  pores. 

There  is  a circumflance  of  importance  con- 
cerning the  human  frame,  which  feems  to  have 
efcaped  the  attention  of  moft  phyliologifts,  narnely, 
the  nature  of  animal  moifture,  .and  the  means  by 
which  it  is  fupported  and  kept  up.  i have  fhewn 
you,  in  this  Ledfure,  what  a quantity  of  rnoiflure 
the  human  frame  will  take  from  the  air,;  and  this 
might  have  been  fupported  by  a greater  variety  of 
fadls,  if  there  had  been  any  further  necetlity  for 
proof.  There  are  feveral  conliderations  inde- 
pendent of  thefe  fads,  which  will  of  themfelves 
lead  you  to  conclude,  that  animal  moifhire  cannot 
be  altogether  fupported,  or  accounted  tor,  by 
what  is  received  internally,  as  meat  and  drink;  and 
you  wil;l  be  led  to  think  that  the  greater  part  is 
received  from  the  atmofphere ; and  that  it  is  pro- 
bable that  the  human  frame  has  a power  of  de- 
compoling  fome  of  the  aerial  fluids,  which  abound 
in  the  atmofphere,  and  procuring  water  from 
them. 

The  conliderations  alluded  to  above,  are,  that 
the  fluids  conftitute  more  than  half  the  bulk  and 
matter  of  the  animal  frame ; that  the  bafis  of  rhefe 

.fluids’ 
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fliiids  is  water;  that  they  have  a hrong  vaporific 
tendency,  and  are  continually  heated  to  96  de- 
grees ; that  a vaft  furlace  is  cxpofed  to  the  dry- 
ing power  of  the  air,  not  only  the  whole  ex- 
ternal furface,  but  that  alfo'of  the  lungs  ; and  that 
every  vital  fibre  and  particle  is  not  only  expofed 
to  this  heat,  but  alfo  to  the  motion  arifing  from 
the  rapid  circulation  of  the  fyftem. 

If  to  all  thefe  circumhances,  we  take  in  the 
great  heat  to  which  the  body  is  expofed  in  warm 
climates,  I think  we  may,  with  little  helitation, 
fay,  that  if  the  fame  quantity  of  water,  that  is  con- 
tained in  the  human  frame,  were  expofed  to  as 
large  a furface  of  air,  more  than  one  half  would 
be  evaporated  in  24  hours  ; for  you  are  to  confider 
that  moifiure  can  tranfpire  through  our  fkin  ; and 
that  the  fkin  is  always  fnoih,  and  is  continually 
acted  upon  by  animal  heat,  the  air,  and  the  general 
circulation;  and  that  without  a continued  and  fuc- 
cefTive  fupply  of  moifiure,  the  fkin  would  be  quite 
parched  up. 

Add  to  this,  the  immenfe  difeharges  which  are 
conftantly  ifiliing  out  of  the  human  fyfiem,  by  inu 
fenfible  perfpiration,  by  the  great  difeharges  from 
the  lungs,  by  the  natural  evacuations,  by  urine, 
faliva,  &c.  Take  thefe  altogether,  and  I think  it 
will  be  impoiTible  for  you  to  conceive  thefe  are  all 
fuppUed  by  the  mouth. 

Mr.  Harrington  fays,  that  he  has  often,  in 
winter,  examined  his  evacuation  by  urine,  and 
found  it  to  exceed  in  quantity,  the  moiflure  re- 
ceived into  the  fyftem  by  the  mouth.  Whence 
then  could  the  fuperabundant  quantity  arife  ? and 
W'hat  fupported  the  other  evacuations  ? what  un- 
der a heat  of  96®  kept  every  minute  part  moift, 
foft,  and  pliable?  Many  more  fadfs  might  be  ad- 
duced in  fupport  of  this  opinion  ; but  for  them  I 
mufi:  refer  you  to-your  own  obferyation,  and  Mr. 
Harrington’s  work. 


Of 
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Of  Water  as  mixed  and  combined  with  Bodies. 

You  may  confider  the  water,  that  is  in  bodies, 
in  two  flates,  either  that  of  limple  mixture^  or 
that  of  combination. 

In  the  firfl  flate,  it  renders  bodies  humid,  is 
perceptible  to  the  eye,  and  may  be  dilengaged  from 
them  with  facility. 

In  the  fecond  Hate,  it  exhibits  no  charadler 
whereby  you  can  difcover  that  it  is  thus  combined. 
It  exifts  in  this  form,  in  cryftals,  falts,  plants, 
animals,  &c. 

Water,  exifling  in  a Hate  of  combination, 
concurs  in  imparting  to  them  hardnefs  *,  and  the 
tranfparent  falts,  and  moft  Hony  cryftals  lofe  their 
tranfparency,  when  they  are  deprived  of  the  water 
of  cryftallization.  Many  bodies  are  indebted  to 
water  for  their  fixity ; the  acids,  for  example,  only 
acquire  fixity  by  combining  with  water.  Water, 
when  mixed  with  earth  or  afhes,  is  formed  into  a 
veffel,  which  when  baked  will  bear  the  utmoft; 
force  of  thev  hotteft:  fire  that  art  can  contrive. 
Thus  you  fee  a body,  whofe  fluid  and  dilTolving 
qualities  are  fo  obvious,  giving  confiftence  and 
hardnefs  to  all  the  fubftances  of  the  earth.  In 
this  ftatc  nature  often  unites  it  to  bodies,  with 
which  art  has  not  yet  learned  to  make  it  enter  into 
combination. 

Pure  water  will,  indeed,  unite  immediately 
only  with  a certain  number  of  fubftances;  but. 
after  being  united  with  thefe,  it  becomes  capable 
of  diffolving  other  fubftances  in  a fuccclTion,  whofe 
limits- we  cannot,  determine,  becaufe  the  further 
:we  advance  in  the  knowledge  of  fubftances,  the 
greater  reafon  we  have  for  perceiving  our  igno- 
rance of  the  number  which  exift  diftinitly,  and  of 
the  intimate  ingredients  even  of  thofe  that  arc 
9 known. 
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known.  IVater  is  the  bafe  of  all  menflrua  : we 
concentrate  them  to  a certain  point  by  evapora- 
tion ; but  beyond  this  point  the  liquid  either  pro- 
duces* nothing  but  vapour,  or  efcapes  entirely. 
An  elTential  part  of  the  art  of  chemijlry  confifts  in 
the  compofition  of  menftrua:,  and  in  the  precipita- 
tions operated  therein:  in  thefe  procefies  water  it- 
felf  often  enters  into  new  combinations.  If,  in  his 
operations,  the  chemift  falls  upon'  any  lucrative 
procefs,  of  which  he  himfelf  is  ignorant  of  the 
intimate  caufes,  he  makes  a Jecret  of  it.  But  how 
many  fuch  fee  rets  are  to  be  found  among  the  ope- 
rations of  nature  ? How  many  that  will  be  con- 
cealed from  us  for  ever,  becaufe  the  primitive  fub- 
ftances  are  arrived  at  a ftate  that  cannot  be  changed 
by  the  agents  of  the  prefent  operations  in  nature. 

When  water,  by  a fucceflion  of  dilfolutions, 
contains  different  fubftances,  they  may  be  fuccef- 
fively  precipitated,  in  two  ways,  by  the  diffolution 
of  new  fubftances,  or  by  the  emiHion  of  expanliblc 
fluids,  fome  of  whofe  ingredients  were  united  with 
the  fubflances  in  the  liquid.  Ancient  chemifts 
knew  fcarce  any  thing  of  this  laft  procefs,  nor  of 
the  various  combinations  of  fire  and  liorht.  It  is 

O 

to  modern  difeoveries  on  thefe  heads,  that  we  are  in- 
debted for  the  prefent  advancement  of  thefe  feien- 
ces ; but  if  the  chemift,  in  thefe  puffuits,  negledls 
the  ftudy  of  meteorology  and  geology,  both  for 
difeefting  his  inveftigations  of  the  nature  of  ex- 
panftble  fluids,  and  appreciating  his  deciftons  on 
the  intrinlic  nature  of  fubftances,  he  will  fun  the 
fifk  of  accrediting  errors  by  the  Very  fa<fts  which 
fhould  have  feparated  him  from  them.  * 

Water  rnay  be  confidered  as  a kind  of  general 
jcemeht.  The  ftones  arid  fairs,  which  arc  deprived 

of 
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of  it,  become  pulverulent,  and  flill  away  inte^  i- 
mafs  of  fhapelefs  dull.  Water  facilitates  the  coa- 
gulation, re-union,  and  confidence  of  the  partis 
cles  of  ftones,  of  falts,  &c.  as  you  alfo  fee  in  the 
operations  performed  with  plafters,  lutes,  mor- 
tar, &c* 

The  dock  of  water  afforded  by  the  dried 
bodies  is  furpridng  ; hartf-iom  kept  forty  years,* 
and  thereby  become  as  hard  and  dry  as  any  metal^, 
fo  that  if  druck  againd  a dint,-  it  would  give 
fparks  of  fire;  upon  being  diddled,  adbrded  one 
eighth  part  of  it’s  quantity  of  water. 

For  a confiderable  time  water  was  thought- 
to  be  a duid  earth,,  The  earthy  refidue,  left  after 
the  didillation,  trituration,  and  putrifadfion  of  wa- 
ter, gave  credit  to  the  opinion  that  it  was  converti- 
ble into  earth.  Mr.  Lavoifier  has  diewn,  that  this 
earth  arifes  from  the  wear  of  the  vefTels ; and  Schcele  ' 
has  proved  the  identity  in  the  nature  of  the  earth- 
with  that  of  the  vedels  in  which  the  operations 
were  made. 

In  a duid  date  water  combines  fo  eafily  with 
other  fubdances,  that  it  is  never  to  be  found  in  a' 
pure  date;  the  mod  genuine  is  mixed  with  exha-‘ 
lations,  and  dilfolutions  of  various  kinds.  Rain- 
water, which  is  a duid  of  nature’s  own  didill ing,- 
and  which  has  been  raifed  fo  high  by  evaporation,* 
is-neverthelefs  a very  mixed  fubdance,  impregnated  . 
v.  ith  exhalations  of  all  kinds;  falts,  fulphur^,  and 
metals,  are  combined  with  it.  Mr.  Chaptal,  from 
experiments  made  at  Montpellier,  found  rain-wa- 
tor  in  dormy  weather  more  impure  than  that  ■ 
which  came  in-  gentle  dlowers ; the  water  which’; 
falls-fird,  is  lefs  pure  than  that  whkh  falls  after  ; 
fcvcral  hoiins  of  fevei-al  days  rain  : that  the  water '• 
which  fell  when  the  w ind  blew  from  the  fea  to  the 
fouthward,  contained  fea^falt,  while  that  which 
w is  produced- by  a northerly  wind  did  not  tontarit 
' : - a fingle 
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a fingle  particle.  The  water  caught  pouring  fron> 
the  tops  of  houfes  is  impregnated  with  the  fmoak 
of  the  chimnieSj  the  vapours  of  the  Hates  and  tiles^ 
and  with  fuch  impurities  as  birds  and  animals  have 
depoiited  there.  It  is  the  fame  with  river-water ; 
plants,  minerals,  and  anima.ls,  all  contribute  their 
Hiare  to  add  to  it’s  impurities  ; wherever  the  ftream 
Hows,  it  receives  a tinclfurc  from  it’s  channel.  Of 
the  various  river-waters,  thofe  of  the  Indies  and  the 
Thames  are  faid  to  be  the  lighted  and  moH;  whole- 
fome. 

Waters  in  general  are  Tuppofed  to  be  more  pure 
as  they  are  more  foft ; fnow-water  is  very  foft;  rain- 
water comes  next  to  it ; fpring-water,  though  the 
clcareft  and  moH:  tempting  of  all  to  look  at,  is  the 
leaH  pure,  and  of  all  others  the  leaft  fit  for  com- 
mon life.  Spring-water  is  pure,  or  polluted,  in 
proportion  as  the  earth  through  which  it  flreams  is- 
more  or  lefs  impregnated  with  fulphur.  Halts,  arfenic, 
minerals,  &c.  Thofe  that  are  ftrained  through  a 
Handy  foil,  free  from  faline  or  metallic  fubftances, 
are  the  pureft.  The  eye  is  no  adequate  judge  on  this 
occafion.  It  will  indeed  teach  you  not  to  drink  or 
ufe  foul  or  dirty  water,  but  it  will  leave  you  in  the 
dark  as  to  thofe  contents  of  the  water  which  may 
be  fufpended  in  it  imperceptibly.  Tranfparency 
is  certainly  a very  agreeable  quality  in  water,  but 
cannot  be  relied  on  as  a proof  of  falubrity,  for 
fca-water  is  as  tranfparcnt  as  that  which  is  fre(h» 
The  water  of  Hagnate  lakes  and  pools  is  in. 
general  very  impure,  and  may  be  confidered  as  a 
jelly  of  floating  infedts,  the  whole  teeming  with, 
Ihapelefs  life,  growing  more  fruitful  by  increafing 
putrifadfion,  forming  a mafs  of  corruption,  dif- 
pleafing  to  the  fenfe  and  injurious  to  the  health. 

The  atmofphere  itfelf  may  be  looked  upon  not 
only  as  the  general  receptacle  of  all  aqueous  va- 
pours* but  likew’ife  of  all  mineral  exhalations  of 

' the 
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the  (Yearns  which  are  coiifl-antly  arifing  from  the 
perfpiration  of  whatever  enjoys  animal  or  vege- 
table life,  and  from  the  inftantaneous  putrefccnce 
of  thofe  fubftances  when  deprived  of  life  ; of  the 
fmaller  feeds  of  terreftrial  and  aquatic  plants,  of 
the  eggs  of  an  infinite  fpecies  of  imperceptible 
aninxalcules,  of  the  acids  and  oils  feparated  by 
€ombii^fi:ion  from  ail  forts  of  fuel,  of  the  matter  of 
light,  of  eiedfric  effluvia,  and  a variety  of  other 
ifiibftances.  From  thefe  fources  are  derived  many  of 
the  impurities  which,  have  been  difeovered  in  all 
atmofpherical  water,  which  mufi:  vary  according  to 
the  nature  of  the  fubftances,  the  ciimate,  the  feafon 
of  the  year,  the  dire.diiori  of  the  winds,  and  many 
Othfer  unknown  caufes. 

After  ail,  we  mufl  be  contented  with  but  an 
iilipure  mixture  for  our  beverage,  and  yet  even 
this  may  often  be  more  ferviccable  to  our  healths 
than  thofe  deemed  purer.  Experience  alone  muft 
determine  it’s  ufeful  and  noxious  qualities ; fuch 
water  is  in  general  to  be  preferred  that  fits  light 
.upon  the  ftomach,  that  is  of  a frefli,  lively,  agree- 
able tafte,  that  boils  readily,  and  boils  garden  ftuft, 
ahd  particularly  peas  and  pulfe  quickefi:,  and  which 
rnixes  pcrledliy  and  readily  with  foap  without 
curdling. 

Water  is  purified  by  diftillation.  As  it  is  of 
importance  on  many  occafions  to  have  very  pure 
water,  it  will  be  neceflary  to  point  out  to  you  the 
means  by  which  it  may  be  thus  purified.  The 
Operation  is  performed  in  a veflel  called  an  alemr- 
bic ; the  alembic  confifis  of  two  pieces,  a boiler 
.or  cucuihit,  and  a covering  called  ^ capital  or 
head. 

The  water  is  put  into  the  cwcurbit,  from 
which  it  is  raifed  in  vapour  by  means  of  fire,  and 
thefe  vapours  are  condenfed  by  cooling  the  head 
•With  cold  water.  The  vapours  thus  condenfed  flow 
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into  a'  vclTel  defigned  to  receive  them.  This  is 
called  diftilled  water ; and  is  purified  fo  far  as  it 
'leaves-behind  it  in  the  cuclirbifthe  falts  and  other 
fixed-principles  which  alter  it^s  purity.  The  dillil- 
•iation’i^:  more  fpeedy  and  quick  in  proportion  as 
•the  prelTure  of  the  air  is  Jefs  upon  the  furface  of 
the  ffagnant  fluid.  • • \ ~ 

A true  diffiliation  is' -carried  on  every  where 
tit  the  -furface  of  oiir  globel  The  heat  of  the  fun 
taifes-  water  in  -thp  form^of  vapours^  thefe  remain 
a certai-in  time  -in  the  atmofphere,  and  afterwards 
fall  in  -the ‘form  of-dew  by  fimple  refrigeration. 
This  rife  and  fall  of  wafer  wafhes  and  purges  the 
atmofphere'of-all-  thofe  particles,  which  by  their 
corruption  or  dcvelopement  might  render  it  in- 
fedfious.  It  is  perhaps  this  combination  of  water 
-with  various  miafrnatapwhich  renders  the  evening 
dew  unwholefome, 


Of  the  Origin  of  Springs  and  Rivers. 

The  quantity  of  water  raifed  in  vapour  from 
the  ocean,  has  rather  extravagantly  been  thought  by 
fbme  to  be  equal  to  that  which  is* poured  into  the 
ocean  by- all  the  rivers  upon'  earth ; and  they  there- 
fore fuppofe,  that  what  the  fea  gets  by  the  rivers, 
it  lofes  by  evaporation,  and  that  thus  a mutual 
and  equable  interchange  is  preferved ; that  all  the 
rivers  are  fupplied  with  water  by  the  vapours  that 
are -raifed  from  the  fea,  carried  thence  by  the  wind, 
condenfed  againft  the  fdes  of  mountains,  where 
trickling  down  through  the  crannies  of  the  rocks, 
they  enter  the  hollow  places  thereof,  and  forrn 
colledlions  of  water,  from  whence  they  ilTue  out 
at  the  firfl:  orifice  they  can  find,  and  by  this  mean^ 
confiitute  fprings  and  rivers. 

There  is  anotner  theory  to  account  for  fprings 
and  rivers,  which  refers  tKis  caufc  to  a great  abv% 
VoL.  II.  - c of 


1$  Lectures  on  Natural  PniLosopirY. 


of  waters,  occupying  the  central  parts  of  our  globe^ 
It  afferts,  that  all  the  phenomena  of  fprings  are 
chiefly  derived  from  the  vapours,  veins,  and  iffues 
of  this  great  abyfs,  into  which  they  are  all  re- 
turned ; and  tliat  a perpetual  circulation  and  equa- 
lity is  kept  up,  the  fprings  never  failing,  and  the 
fea  by  reafon  of  it's  communication  with  the  fub- 
terranean  waters  never  overfiowino;. 

O 

From  the  earlieft  ages  thefe  phenomena  have 
engaged  the  attention  of  every  inquilitive  mind. 
•'The  fun  arifeth,”  fays  Solomon,  "and  the  fun  go- 
eth  down,  and  pants  for  the  place  from  whence  he 
arofe.  All  things  are  filled  with  labour,  and  man 
cannot  utter  it.  i\ll  rivers  run  into  the  fea,  yet 
the  fea  is  not  full.  Unto  the  place  whence  the 
rivers  come,  thither  they  return  again.  The  eye  is 
not  fatisfied  with  feeing,  nor  tlie  ear  with  hearing.’* 
At  fo  early  a period  was  curiofity  employed  in  ob- 
ferving  thefe  great  circulations  of  nature.  The 
inquiry  whence  rivers  are  produced,  whence  they 
derive  thofe  unceafing  flows  of  water,  which  arc 
continually  enriching  the  world  with  fertility  and 
verdure,  has  been  varioully  confidered,  and  divided 
the  opinions  of  mankind.*  But  as  the  two  above- 
mentioned  theories  are  thofe  which  generally  pre- 
vail, and  to  which  mofl;  others  may  be  reduced, 
wc  lhall  only  examine  their  merits. 

" It  feems  almoll  unkind  to  difenchant  the 
beauties  of  the  profpeefl,  which  the  firfl  of  the  two 
foregoing  theories  prefents  to  our  minds.  A ro- 
mantic imagination  can  form  nothing  more  flriking 
than  this  unceafing  rotation  of  waters;  clouds  arifing 
Uom  the  ocean,  travelling  till  they  dafh  againfl  the 
tops  of  the  highefl  mountains,  then  defeending 
feebly  in  little  llreams  down  their  fides,  entering 
tlie  fubterranean  caverns  of  the  earth,  burfting 

forth 
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forth  into  fprings,  and  at  laft  afTcmbling  into  ri- 
vers, which  cany  the  united  torrent  again  to  it’s 
parent  ocean.”  This  is  amufing  fpeculation,  but 
alas  ! it  is  but  fpeculation,  and  is  fo  prefled  with 
dilhculties,  that  a more  perfect  theory  is  highly 
defirable. 

Calculation  has  been  prelfed  to  favour  this 
fyflem,  and  fo  great  a quantity  of  evaporated  water 
contrived  to  fupport  it,  that  if  it  fell,  would  drown 
inftead  of  refrefhing  our  earth. 

That  the  rain  and  vapour  which  fall  upon  the 
earth  are  inadequate  to  the  folution  of  the  pheno- 
mena, and  cannot  poflibly  account  for  the  origin 
of  fprings  and  rivers,  will  be  made  evident  to  you 
from  a variety  of  conflderations.  Monf.  Gualtieri, 
by  comparing  the  rivers  of  a country  with  the  rains 
that  fall  upon  it,  has  flicwn  that  after  making 
more  allowances  than  are  reafonable  in  favour  of 
the  evaporating  hypothefis,  they  exceed  the  rain 
in  quantity  : he  has  alfo  fliewn,  that  it  is  utterly 
impoflible  for  the  rain-water  to  keep  up  the  conti- 
nual coLirfe  of  rivers  and  fprings.  The  waters  dif- 
charged  by  the  rivers  of  Italy  into  the  fea,  are  to 
the  rain  which  falls  upon  the  land,  as  55  to  27,  that 
is,  more  than  twice  the  quantity. 

The  earth  is  conflantly  moiflened  to  a greater 
depth  than  the  rain  of  the  year  wdil  account  for. 
Mr.  De  la  Hire  brought  this  hypothefis  to  the  tefl: 
of  experiment,  by  examining  the  moft  eflential 
article  thereof,  namely,  the  depth  that  rain  and 
fnow-water  did  really  defcend  into  the  earth.  To 
know^this,  he  dug  a hole  in  the  lower  terraceof  the 
obfervatory  at  Paris,  and  placed  therein,  eight  fee; 
underground,  a large  leaden  bafon,  a little  inclined 
towards  one  of  it’s  angles,  to  which  was  foldered 
a pipe  12  feet  long,  which,  after  a conflderable  de- 
feent,  reached  into  an  adjoining  cellar.  After  hav- 
ing covered  the  head  of  the  pipe  with  feveral  flints 
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of  different  fizcs,  to  prevent  the  orifice  from  being' 
flopped,  he  threw  in  a quantity  of  earth  to  the 
depth  of  eight  feet ; the  earth  was  of  a nature  be- 
fw  cen  fand  and  loam,  and  thus  ealily  permeable  by 
water.  He  judged,  that  if  rain  or  fnow-watcr  pene- 
trated the  earth  to  the  depth  that  fome  fprings  are 
loLind  at,  (which  in  digging  wells  and  mines  are 
difeovered  to  be  at  all  depths  from  8 to  800  feet,) 
or  till  they  meet  with  the  firft  clayey  or  compabi 
ffratum  to  flop  them  ; that  if  this  wxre  the  cafe 
there  would  foon  be  a fpring  burfting  forth  through 
the  leaden  pipe  into  the  cellar.  But  on  the  con- 
trary, after  having  kept  the  bafon  in  this  fituation 
for  no  iefs  fifteen  years,  and  the  ground  all  the 
wdiile  expofed  openly  to  all  the  rains,  fnowq  or  va- 
pours that  might  fall,  yet  he  could  not  obferve 
that  a fingle  drop  of  water  had  ever  paffed  through 
the  leaden  pipe  into  the  cellar. 

At  the  fame  time  that  Mr.  De  la  Hire  com- 
menced the  above  deferibed  experiment,  he  placed 
another  bafon  about  eight  inches  under  ground,  and 
chofea  place  where  the  rain  and  vapours  might  fall> 
and  yet  the  ground  be  fcrcened  from  the  heat  of  the 
fun  and  the  aLtion  of  the  w ind  ; taking  care  to  pull 
up  the  grafs  and  herbs  that  grew  over  the  bafon, 
that  all  the  water  which  fhould  fall  on  the  ground 
might  pafs  uninterrupted  to  the  bottom  of  the  bafon, 
wherein  there  wais  a little  hole  with  a tube  to  con- 
vey the  water  to  another  vcffel.  In  eight  months, 
that  is,  from  the  12th  of  June  to  the  19th  of  Febru- 
ary foliowdng,  VO  waiter  came  by  the  tube,  and 
though  it  be^av  to  run  on  the  19th  of  February, 
this  "was  entirely  owing  to  the  great  quantity  of 
fnow  w'hich  had  fallen,  and  was  then  melting.  From 
that  time  the  earth  in  the  bafon  was  always  very 
moiff,  though  the  waater  would  only  run  a few 
hours  after  raining^  and  it  ceafed  running  w hen  the 
quantity  falling  was  drained  oil. 

A year 
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A year  after  he  repeated  the  fiime  experiment, 
but  buried  the  bafon  Jixteen  inches  under  ground, 
taking  care  that  there  was  no  grafs  on  the  ground, 
'and  that  it  might  be  fereened  from  the  fun  and 
wind;  the  effed:  was  much  the  fame  as  before,  ex- 
cepting that  when  a confiderable  time  paifed  with- 
out raining,  the  eatth  would  grow  a little  dry,  fo 
that  a moderate  rain  .coming  on  it  would  not 
moiften  it  fufficiently  to  make  it  run. 

The  confumption  of  moiftiirc  by  vegetables, 
and  the  fruits,  is  much  greater  than  has  been  com- 
monly fuppofed,  or  generally  allowed  for;  fo  great, 
that  all  the  rain  that  falls  is  not  fuflicient  to  fup- 
ply  them  with  the  quantity  equal  to  what  their 
growth  demands.  Mr.  de  la  Hire  planted  herbs  on 
the  ground  over  the  bafon  mentioned  in  the  laft 
experiment,  and  found  that  when  thefe  were  grown 
up  a little,  the  ground  was  fo  far  from  fending  any 
water  after  rain,  that  all  that  fell  was  not  fu  fficient 
tojiifijain  theyiiy  but  that  they  would  droop  and  wi- 
ther unlefs  refprinklcd  from  time  to  time  with  watei% 
Dr.  Hales  found,  that  a plant  in  2ii  days  drew  off 
all  the  water  of  the  earth  on  which  it  grew',  fo  that 
without  a farther  fupply  from  beneath  it  would 
perifh  after  that  period ; and  yet  he  has  made  no 
allowance  for  what  the  earth  in  quellion  perfpired 
at  the  fame  time  in  vapour.  Thefe  confiderations, 
w'hich  might  be  fupported  by  many  more,  abun- 
dantly prove,  not  only  that  rain-water  fcarcely  pe- 
netrates fo  far  as  two  feet,  but  that  the  quantity 
which  falls  is  not  fufficient  to  furnifli  wfiat  is  rc~ 
quilite  tor  the  growth  of  vegetables;  fo  that  we 
muft  call  in  fome  foreign  afiifcance  for  their  fupport. 

1 here  arc  fprings,  and  thofe  common  every 
where,  fo  equal  and  conflant  in  yielding  their  water 
at  all  fcafons,  and  which  are  neither  alfeched  by 
rains  nor  droughts,  that  wt  cannot  fuppofc  them  to 
.be  dependent  on  thefe  for  caufes.  The  Reverend 
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Mr,  Derham  defcribcs  one  fuch  under  his  own 
infpedlion,  which  was  by  no  means  confident  with 
the  hypothefis  of  rain  and  vapour. 

There  are  fprinp  alfo  too  near  the  fummits  of 
the  higheft  grounds  in  the  country  to  derive  them- 
felves  by  defccnt  from  the  water  which  falls  on  the 
furface  of  the  ground,  there  being  no  declivity 
adequate  to  the  purpofe. 

The  evaporation  from  the  fca  being  con-, 
denfed  by  high  mountains,  and  foaked  in  there,  is 
by  no  means  iufficient  for  the  produhlion  of  fprings 
and  rivers ; f for  w'hatever  effect  this  vapour  may 
feem  to  have  in  fouthern  climates,  and  in  iflands 
placed  in  the  middle  of  the  ocean,  it  cannot  fairly 
be  applied  to  the  fprings  of  inland  countries  and 
northern  climates.  Nor  have  the  advocates  for  this 
hypothefis  confidered,  that  where  the  evaporation 
of  the  day  is  fo  copious,  the  dew’s  of  the  night 
which  fall  again  on  the  fame  furface  (Tea  or  land) 
are  nearly  in  the  fame  proportion;  fo  that  much 
lefs  has  been  gained  in  this  way  than  has  been  ge- 
nerally fuppofed.  Dr.  Derham  fhews  alfo,  that 
fprings  occur  in  great  plenty,  and  are  conftant  in 
their  courfe^  even  in  times  of  the  greateft  drought, 
w here  the  country  is  in  general  very  low^,  and  there 
are  no  mountain  tops  to  condenfe  the  vapours. 

The  vapours  and  rain  fall  alfo  upon  the  fca  ag 
well  as  upon  the  land  ; and  the  furface  of  the  ocean 
is  confidered  to  be  as  large  again  as  that  of  the  dry 
land:  fo  that  we  may  juftly  fuppofe,  that  two  thirds 
of  whatever  is  raifed  in  vapours  returns  from 
whence  it  came  without  falling  upon  the  dry  land. 

■No  one  will  deny  that  rain  and  melted  fnow 
will  produce  many  temporary  fprings,  and  increafe 

the 

♦ Philof.  Tranf.  No.  289,  and  315. 

T Memoirs  of  Literature,  Aug.  1725.  Jones’s  Phyfiologtcal 
f ilquifuions,  p.  490.  CatcoLt  on  ibc  Deluge,  p.  174. 
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the  difchargc  of  rivers;  but  this  is  a partial  confi- 
deration,  and  by  no  means  adequate  to  tliat  con- 
Hant  fupply,  and  to  that  vail  quantity  ot  waters 
which  are  to  be  accounted  for,  and  w hich  arc  con- 
flantly  in  adlion. 

I fliall,  therefore,  now’  confidcr  the  fubterra- 
ncous  fforc,  * and  the  vapours  that  anfe  from  them. 
And  here  it  is  a well  knowui  fad,  that  wx  never 
fail  to  find  water  when  we  penetrate  deep  enough 
info  the  bowels  of  the  earth;  and  the  deeper  we 
go,  the  waters  occur  in  greater  plenty.  Ihis 
does  not  look  as  if  their  ftorcs  depended  upon  any 
accident  at  the  furfacc,  for  then  they  would  rather 
be  diniinifhcd  and  fail  us  w'hcn  wx  w’ork  low  er,  their 
fupplies  being  extended  according  to  this  account 
in  fprings  and  rivers  upon  the  furface  : but  the  con- 
trary is  always  the  cafe;  therefore  the  fources  are 
not  above,  but  below^  This  conclufion  feems  too 
obvious  to  be  avoided.  In  finking  mines  it  is 
very  common  to  break  in  upon  veins,  and  fome- 
times  large  and  powerful  coiirfes  of  water  in  incre- 
dible quantities,  which  either  overflow  the  works, 
or  require  continual  afliftance  to  drain  them. 

When  the  earth  is  cut  through,  it  yields  water, 
as  naturally  as  the  body,  w hich  abounds  wdth  vefiels, 
yields  blood  when  it  is  wounded.  The  deeper  the 
wound  the  greater  is  the  elfufion  of  blood,  becaiifc 
the  largeft  channels  lie  deep,  and  the  largeft  of  all 
which  feed  the  reft,  are  placed  in  the  central  parts 
of  the  body.  Thus  it  is  with  the  body  of  the 
earth,  the  elfufions  of  w'ater  obfervablc  near  the 
furface  have  their  fupply  from  refervoirs  which  lie 
deeper,  and  they  in  their  turns  are  fed  by  larger 
and  deeper,  till  wx  come  to  the  grand  repofitory 
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of  all,  which  keeps  up  a general  communicatioit 
between  the  waters  of  the  land  and  thofe  of  the  feai 

Thofe  who  have  been  eye-witnefies  of  what 
palTes  within  the  earthy  have  been  generally  of 
opinion,  that  fteam  and  vapour  is  in  continual 
adlion  there,  though  more  at  fome  times  than 
at  others  ; that  there  is  frequently  a very  fenlible 
warmth  at  the  greateft  depths,  and  many  tokens  of 
moiflure  arifmg  upwards  from  the  lower  parts. 
Scheuchzer,  who  was  very  convcrfant  in  thefc  re- 
fearches,  fays,  firmiter  perfuafus  fuila,  copio- 
hlFimus  ex  imis  mentis  vifceribus  adcacumeh  fub- 
levari  caloris  fubterranei  ope  vapores  aqueos.’* 
Now  as  the  waters  of  the  fea  are  fait,  while  the 
fpring  waters  of  the  land  are  frcfh,  and  confe- 
quently  lighter,  a column  of  fea  water  will  be  a 
coLinterpoife  to  an  higher  column  of  frefli  water. 
If  therefore  the  waters  of  deep  feas  have  any  com- 
munication with  the  land3  and  their  \vcight  has 
due  effec^li  water  may  rife  to  any  required  height 
upon  ftatical  principles,  either  by  running  chan- 
nels, or  by  fap  and  percolation ; for  water  under- 
neath a m.afs  of  dry  fand  will  be  foaked  upwards  to 
it’s  furface.  * Sir  Ifaac  Newton  tried  this  experi- 
ment on  a tube  filled  with  dry  afhes,  and  found  the 
water  afeend  through  them  with  eafe.  In  th£ 
rocky  caverns  of  mountains  much  may  be  effected 
by  the  flow  afeent  of  fteam,  which  will  be  con- 
denfed  as  it  comes  near  to  the  air,  and  diftil  down- 
wards through  thofe  cracks  and  chafms  where  it 
finds  an  outlet. 

When  we  dig  for  fprings  in  fmali  iflands,  and 
lands  lying  near  the  fea  coafts,  it  is  common  to 
find  veins  of  brackifn  water;  thefe  arc  certainly 
derived  from  the  fea.  The  water  that  is  more  re- 
mote, 

* Since  this  work  went  to  the  prefs,  a machine  has  been 
publifbefl  for  purifying  water  by  afeent.  Tlic  contriv^ance  ns 
Mr.  Peace ck’s. 
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rnote,  and  at  a greater  elevation  from  the  fca,  bcr 
comes  frefh  by  degrees;  therefore  it  fvveetens  in  it’s 
progrefs  by  percolation.  Plerc  the  procefs  is  pal- 
pable. But  the  earth  being  full  of  open  veins  and 
■filUires,  and  llrata  of  loofe  and  permeable  matter^ 
muft  have  a communication  with  the  fea  to  great 
diftances;  and  where  the  diftance  is  fo  great  that 
the  lateral  fupply  cannot  take  place,  thofe  deeper 
communications,  of  which  there  are  fo  many  evi- 
dences, will  never  fail  us ; and  where  percolation 
cannot  reach,  the  fubterraneous  vapours,  which  are 
always  circulating,  muft  have  their  effect. 

In  fliort,  wherever  you  dig  beneath  the  furface 
of  the  earth,  except  in  very  few  inftanccs,  water  is 
to  be  found,  and  it  is  probable  that  by  this  fub^ 
terraneous  water  fprings  and  rivers^  nay  a great  part 
of  vegetation  itfelf,  are  fupported.  It  is  this  fub- 
terraneous water  raifed  into  fteam  by  the  internal 
heat  of  the  earth  that  feeds  plants.  It  is  this  fub- 
terraneous water  that  di hills  through  it’s  inter- 
fliccs,  and  there  cooling,  form.s  fountains.  It  is  this 
that  by  the  addition  of  rains  is  increafed  into  ri- 
vers, and  pours  plenty  over  the  v/hoie  earth. 

This  reafoning  may  be  illuftrated  by  a pleaf- 
Ing  apparatus,  which  is  fold  in  our  flreets  by  the 
itinerant  Italians.  The  tube  is  about  three  feet  high, 
and  is  fixed  to  a board,  the  tube  near  the  top  is 
globular,  and  will  hold  a large  quantity  of  water, 
from  whence  it  is  continued  of  a lefs  lize  to  the 
bottom,  where  it  is  curved  upwards,  and  annexed 
to  another  globe,  from  whence  proceeds  upwards 
another  fmaller  tube,  bent  in  an  irregular  mean- 
dering manner  to  the  top,  where  it  is  curved  as  you 
fee  downwards,  and  is  joined  to  the  upper  globe. 
In  the  infide  of  the  lower  globe,  one  part  of  the 
tube  is  fo  contradted  as  to  form  a fit  pafTage  for  a 
fpring,  or  jet  d’eau^  to  arife  from  it.  I pour  co- 
leured  water  into' the  tube  by  means  of  this  aper- 
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ture,  letting  it  rife  therein  till  it  has  filled  the  up- 
per globe ; the  air  in  the  lower  globe  will  be  con- 
denfed  by  the  pixlTLire  of  the  water  endeavouring 
to  rife  to  it’s  level,  the  reaction  and  fpring  of  the 
air  will  impel  the  water  you  fee  upwards  through 
the  fmall  tube  and  all  it’s  meanders,  and  make  it 
fall  into  the  upper  globe,  and  thus  caufe  a conftant 
circulation  as  long  as  any  water  remains  in  the  upper 
globe.  > Now  if  you  fuppofe  the  upper  globe  to 
reprefent  the  fea,  the  lower  globe  to  reprefent  the 
abyfs,  and  the  jet  d’eau  to  be  a fpring  breaking 
out  therefrom  into  the  hollow  parts  of  the.  earth, 
and  from  thence  continued  through  fmali  winding 
fifTures  to  the  furface,  and  from  the  channels  of  the 
river  into  the  fea  again,  the  one  may  be  allowed 
to  be  a proper  reprefentation  of  the  other,  and 
an  experimental  illuftration  of  the  poffibility  of 
fuch  a circulation. 

Of  the  Saltness  of  the  Sea. 

No  fooner  have  we  endeavoured  to  difeufs  one 
Cjucflion,  than  another  prefents  itfelf  for  our  con- 
iideration,  one  for  which  philofophy  has  not  yet 
found  a fatisfaclory  folution.  To  difeover  the  pri- 
mary caufe  of  that  peculiar  bitterifh  faltnefs  which 
charadlerizcs  fea-water,  has  exercifed  the  natural- 
ids  of  all  ages  ; and  Father  Kircher  long  fince  ob- 
ferved,  that  the  fludliuations  of  the  ocean  were 
fcarcely  more  various  than  the  opinions  of  men 
concerning  it’s  faline  impregnation.  Dr.  Halley,* 
who  often  endeavoured  by  weak  fpeculations  to 
leiTcn  the  authority  of  the  Bible,  thought  he  had 
hit  upon  a principle,  which  would  difeover  the 
caufe  of  the  faltnefs  of  the  fea,  and  carry  us  back 
almoft  with  demondration  to  the  true  date  of  the 

creation. 
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creation.  He  laid  it  down  as  a principle,  that  the 
water  of  the  fea  derives  all  it’s  faltnefs  from  the- 
land,  that  a fmall  portion  of  fait  is  continually 
walhed  down  from  the  land  by  rivers,  and  carried 
into  the  fea,  which  has  gradually  acquired  it’s 
prefent  quantity  of  fait  from  the  long  continued 
influx  of  rivers.  The  water  which  is  thus  carried 
into  the  fea  by  the  rivers,  is  again  feparated  from 
it  by  evaporation,  nothing  but  frefli  water  rifes 
from  the  fea  in  vapours,  the  faltnefs  remains  be-, 
hind.  The  fait  thus  carried  into  the  fea  mufl: 
for  ever  remain  there,  it  mult  therefore  be  a per- 
petually increafing  quantity',  and  the  fea  muff  every 
year  become  more  and  more  fait.  If  therefore, 
fays  the  dodlor,  the  increment  of  fait  could  be 
found  for  any  given  term  of  years  or  ages,  we  fliould 
then  be  able  to  work  backwards  by  the  rule  of  pro- 
portion, and  difeover  the  time  when  the  fea  firll 
began  to  grow  fait ; that  is,  when  the  world  began 
to  exift.  It  is  rather  mortifying  for  infidelity,  that 
the  problem  requires  ages  for  it’s  folution.  The 
idea  oi  falling  the  fea  with  frejh  water,  is  alfo  ra- 
ther uncommon,  but  worthy  of  a fceptical  philo- 
fopher.  The  reafoning  is  defective  in  many  points. 
For  allowing  that  the  fea  evaporates  into  frefh  w^a- 
ter,  and  that  thus  the  fait  it  contains  is  left  behind, 
yet  we  are  ftill  no  nearer  than  before,  unlefs  while 
the  fea  is  lofing  frefli  w'ater  by  evaporation,  you 
could  flop  all  the  rivers,  fo  that  no  frefli  water 
might  be  added  in  the  mean  time.  For  Dr.  Hal- 
ley maintained,  as  you  faw  before,  that  as  much 
frefli  water  is  carried  to  the  fea  by  the  rivers  as  it 
Jofes  by  evaporation,  that  the  rivers  therefore  will 
all  be  running  on,  and  bringing  in  frefli  water, 
while  the  vapour  is  riflng  from  the  furface ; thus 
you  fee  when  things  are  compared  together,  the  ar- 
gument will  end  in  a cypher. 

The  poflulatum,  on  which  the  argument  is 
5 • buik^ 
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.built,  is  itfelf  erroneous,  as  it  fuppofes  the  water 
-of  the  ocean  was  frefh  at  the  beginning  of  the 
world  ; and  the  whole  inquiry  feems  to  be  after  the 
caufe  of  a phenomenon  which  has  probably  no  fe~ 
.c'ondary  caufe  at  all.*’  The  fuppofition  that  the 
water  of  the  ocean  w'as  originally  freih,  is  an  opi- 
nion concerning  a matter  of  fact,  which  can  never 
be  proved  either  w^ay ; and  it  is  furely  extending 
Speculation  too  far,  wben  we  attempt  to  explain  a 
phenomenon  coeval  with  the  formation  of  the  earth. 
The  faltnefs  of  the  fea  is  as  neceflary  to  the  confti- 
tution  of  that  element,  and  to  the  well-being  of 
the  terraqueous  globe,  as  the  rednefs  of  the  blood 
is  necelTary  to  the  improvement  of  the  ferum  in  the 
animal  fyftem.  The  fea  is  no  more  fait  by  chance, 
than  the  blood  is  red  by  chance.  It  is  a wife  pro- 
vifion  of  the  Creator,  that  the  immenfe  body  of 
w'ater  which  occupies  more  than  tw^o  thirds  of  the 
globe  fnould  be  thus  faltcd  and  feafoned  for  it’s  owm 
prefervation,and  for  the  faiubrity  of  the  atmofphere; 
on  w'hich  account  the  ocean  is  falter  under  the 
torrid  zone,  where  the  heats  are  more  produdlivc 
pf  putrifadtion,  and  the  faltnefs  decreafes  as  w'e 
approach  the  pole,  all  indicating  defign,  and  if  it 
be  true  that  the  agitation  and  ventilation  of  the  fea 
is  not  fufficient  in  vafc  trads  and  deep  waters  to 
keep  it  fweet  w’ithout  a due  proportion  of  fait.  Dr, 
Halley’s  fcheme  would  have  poifoned  the  world. 

The  degree  of  faltnefs  in  the  fea  varies  in  the 
fame  place  at  diherent  feafons,  fometimes  at  dif- 
ferent depths. 

Dr.  Watfon  informs  us,  that  from  fome  ex- 
periments made  in  a voyage  from  England  to 
Bombay,  in  the  Eaft  Indies,  that  the  weight  of  fea- 
w'ater  was  the  greatdl,  not  precifely  at  the  equator, 
but  where  the  fun  was  vertical,  and  where  in  iimi- 
lar  circumftances  the  heat  was  greateft;  and  that 
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the  weights  of  equal  bulks  of  Thames-water,  of  fca- 
water  at  Teneriffe,  and  at  St.  Jago,  were  659, 
673 780-^  grains,  the  proportion  of  which  num- 
ber may  be  exprelTed  thus : Thames  water  1000, 
Tenerilfe  fea-water  1022,  St.  Jago  fea-water  1 1 84. 
In  general,  fea-water  polfelTes  about  or  of  it*s 
weight  in  fait.  He  alfo  mentions  the  following 
limple  method  for  eftimating  the  quantity  of  fait 
in  fea-water;  a method  fo  fimple  that  every  com- 
mon failor  may  underhand  and  pradlife  it.  Take 
a clean  towel,  or  any  other  clean  cloth,  dry  it  well 
in  the  fun  or  before  a fire,  then  weigh  it  accurately, 
and  note  down  it’s  weight,  dip  it  in  fea-water, 
and  when  taken  out  wring  it  a little  till  it  will  not 
• drip ; weigh  it  in  this  wet  hate,  then  dry  it,  and 
when  it  is  perfehly  dried,  weigh  it  again ; the  ex- 
cefs  of  the  weight  of  the  wetted  cloth  above  it’s 
original  weight  is  the  weight  of  the  fea-water 
imbibed  by  the  cloth  ; and  the  excefs  of  the  weight 
of  the  cloth  after  being  dried  above  it’s  original 
weight  is  the  weight  of  the  fait  retained  by  the 
cloth;  and  by  comparing  this  weight  with  the 
weight  of  fea-water  imbibed  by  the  cloth,  you  ob- 
tain the  proportion  of  fait  water  contained  in  that 
fpecies  of  fea-water. 

Congealed  fea-water  will,  when  thawed,  yield 
frefli  water.  To  prove  this,  fome  fea-water  w^as 
taken  up  off  the  North  Foreland;  it  was  expofed 
to  a freezing  atmofphere,  and  it  afforded  an  icc 
perfedly  free  from  any  tafte  of  fait.  The  fpecific 
gravity  of 'the  water  produced  from  the  melting  of 
the  ice  was  fomewhat  greater  than  that  of  diffilled 
rain-water,  and  fomewhat  lefs  than  a mixture  of 
rain  and  fnow-water  taken  out  of  a W'ater-tub 
The  degree  of  cold  at  which  the  fea-water  froze 
was  2 8i  of  Fahrenheit’s  thermometer,  or  3 a lower 
than  that  in  which  common  water  freezes.^  This 
difference  will  vary  according  to  the  quantity  of 

fall 
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fait  contained  in  the  water.  The  freezing  of  fea- 
watcr  was  formerly  pradtifed,  and  is  probably  ftill 
fo  in  the  northern  parts  of  Europe,  with  a view  to 
lelTen  the  expence  and  trouble  of  extrading  fait 
.from  fea-watcr. 

A variety  of  attempts  have  been  made  in  our 
own  and  other  countries  to  procure  frefh  from  fea- 
water:  the  means  ufed  for  this  purpofe  is  diftilla- 
tion,  and  the  moft  approved  methods  are  thofe  of 
Dr.  Irving,  and  Mr.  PoilTonier.  To  give  you  an 
idea  of  this  method,  fuppofe  a tea-kettle  to  be 
made  without  a fpout,  and  with  a hole  in  the  lid 
in  the  place  of  the  knob ; then  the  kettle  being 
filled  with  fea-water,  the  frefh  vapour  which  arifes 
from  the  fea-w^ater  as  it  boils,  will  iffue  out  through 
the  hole  in  the  lid  ; into  that  hole  fit  the  mouth  of 
a tobacco-pipe,  letting  the  ftem  have  a little  incli- 
nation downwards ; then  will  the  vapour  of  frefh 
water  take  it’s  courfe  through  the  fbemof  the  tube, 
and  may  be  colleded  by  fitting  a proper  vcflel  to 
it’s  end:  this  will  give  you  a general  though  im- 
perfed  idea  of  an  apparatus  for  this  ufcful  purpofe. 

I have  already  mentioned  to  you  the  diflblving 
power  of  water,  and,  in  one  of  the  preceding  Lec- 
tures, given  you  fuch  rcafons  as  will  probably  in- 
duce you  to  think  that  this  power  is  chiefly  to  be 
attributed  to  it’s  combination  with,  and  the  pre- 
fence  of  fire  ading  in  it.  Salts  are  the  fubffances 
which  it  diffolves  the  fooneft,  and  in  the  greateft 
quantity  ; it  will  not  diffolve  equal  quantities  of  all 
kinds  of  falls,  fome  being  more  foluble  therein  than 
others ; all  falts  are  more  fpeedily  diffolved  in 
warm  than  in  cold  water.  When  water  is  fatu- 
rated  with  any  kind  of  fait  in  a definite  degree  of 
heat,  it  will  retain  that  fait  as  long  as  it  retains  it’s 
heat;  but  if  the  heat  be  lefTened,  the  tranfparency 
of  the  folution  will  be  deftroyed,  a part  of  the  fait; 
will  become^  vifible,  and  fall  to  the  bottom ; what 

thus 
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thus  falls  down  will  be  re-dilTolved  as  foon  as  the 
water  regains  the  fire  it  had  loft.  Thus  the  quan- 
tity of  the  fait  which  is  precipitated  from  the 
cooling  of  the  water,  W'ill  depend  partly  on  the 
degree  of  heat  in  which  the  folution  is  faturated, 
and  partly  on  the  degree  of  cold  to  w hich  the  folu- 
tion is  reduced.  Thus  w^ater  of  80  degrees,  w'hen 
faturated  with  fait,  contains  more  fait  than  it 
w^ould  do  if  it  had  only  70  degrees  of  heat ; and  in 
being  cooled  to  50  degrees,  the  precipitation  v/ill 
be  greater  in  the  firft  infiance  than  in  the  fecond. 
Salt  is  much  longer  in  being  difiblved  when  it  is  in 
a compad  fiate,  than  when  it  is  reduced  into  a fine 
pow  der,  becaufe  when  it  is  in  the  form  of  powder 
it  prefents  a much  larger  furface  to  the  water  than 
when  it  is  one  folid  lump. 

When  falts  are  mixed  w’ith  w^ater,  a confider- 
able  quantity  of  air  is  feparated  from  the  w^ater^ 
and  the  whole  of  the  fluid  appears  muddy,  occafi- 
oned  by  a number  of  very  fmall  bubbles,  which  rife 
to  the  top  io  as  to  form  a feum  ; w'hen  all  are  rifen,  - 
the  w’ater  again  becomes  tranfparcnt.  This  phe- 
nomenon fiiould  be  noticed,  as  many  have  been  de- 
ceived by  it,  efpecially  thofe  w ho  have  written  on 
mineral  w^aters;  they  often  fpeak  of  an  efiervefcencc 
in  them- where  there  really  is  none,  and  the  appear- 
ance of  it  is  nothing  more  than  the  air  cfcapino-. 

The  more-  fait  you  add  to  water,  the  more 
llowly  it  wdll  be  dilfolved  ; after  a certain  quantity 
it  will  difiblve  no  more;  the  points  at  wdiich  the 
falts  ceafe  to  diflblvc  is  called  the  point  of  fatura^ 
iion.  The  proportion  of  water  is  very  diflerent 
with  refped  to  different  fairs.  Sir  Ifaac  Newton 
fuppofed,  that  there  W’as  ,an  equal  difiribution  of 
fait  through  a determined  fpace  of  water;  hence 
their  depofition  in  regular  order.  The  fait  often 
requires  fome  time  before  it  can  be  fo  diffeminated, 
that  it  s particles  may  be  arranged  at  equal  dif- 
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tances  throughout  the  whole  fluid ; in  time,  however^ 
this  is  effedled.  Throw  a heavy  fait,  as  blue  vitriol, 
into  a glafs  of  water,  it  at  firft  finks  to  the  bottom, 
and  after  fome  days  begins  to  impart  it’s  colour  and 
qualities  to  the  particles  of  water  immediately  fur- 
rounding it ; as  that  part  of  the  water  which  is  in 
contact  only  ads  on  the  fait,  it  is  foon  faturated, 
and  being  thus  rendered  heavier,  remains  round  the 
fait  as  an  atmofphere ; the  red  of  the  water  ads  on 
this  furrounding  atmofphere,  therefore  in  a little 
time  another  ftratum  will  be  formed  containing  lefs 
fait  than  the  former ; innumerable  horizontal  ftrata 
will  at  length  be  formed  containing  lefs  and  lefs 
fait : hence  the  diffufion  is  very  How,  unlefs  it  be 
aflifted  by  agitation.  The  vitriolic  acid  is  ufed  in 
bleaching,  being  diluted  in  the  water  in  which  the 
linen  is  deeped.  The  bleachers  at  fird  thought  it 
was  enough  merely  to  throw  the  acid  into  the 
" water;  this,  however,  always  corroded  fome  of  the 
linen,  becaufe  the  vitriolic  acid  always  finks  to  the 
bottom,  and  remains  there  a long  time  before  it  is 
regularly  diffeminated.  When  mixed  thoroughly 
by  agitation,  the  fait  will  never  feparate  again. 

There  is  another  phenomenon  attending  the 
fblution  of  falts,  namely,  the  produdion  of  cold ; 
this  we  have  already  explained  to  you,  and  diewn 
that  it  depends  on  the  quantity  of  fire  abforbed  to 
. nuiintain  and  keep  up  the  fluidity  of  the  fait. 
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' LECTURE  XIII. 

Of  Water  in  the  State  of  Ice. 

I HAVE  fhewn  you,  that  water  is  in  a fluid 
flate  only  on  account  of  it’s  combination  with 
fire  ; that  if  it  lofes  the  fire,  which  is  thus  com- 
bined with  it,  it’s  particles  cohere  together,  and 
form  a hard  fubltance  called  ice. 

Water  in  freezing  parts  with  the  fire,  with 
which  it  was  combined.  If  a thermometer  be  im- 
merfed  in  a veflel  of  freezing  water,  the  mercury 
will  rife  fome  degrees  above  32®,  while  another 
thermometer,  in  the  open  air,  will  remain  fixed  at 
or  fome  degrees  below  that  point ; part  of  the  fire 
which  was  fixed  in  the  water  being  difengaged, 
efcapes  into  the  air  when  it  alTumes  a folid^form! 
A fimilar  difengagement  of  fire  is  perceived  in  the 
cryflallization  of  fiilts.  On  the  other  hand,  when 
ice  melts,  it  combines  itfelf  with  a confiderable 
quantity-  of  fire,  ^ hich  at  the  fame  time  does  not 
increafe  the  temperature,  which  you  may  prove  by 
this  experiment.  Let  there  be  a pound  of  ice  at 
32®,  mix  a pound  of  water  at  172  therewith,  and, 
in  a few  moments,  the  ice  will  be  melted,  and  the 
temperatui e of  the  mixture  will  be  32*^;  a quantity 
of  fire,  which  raifed  the  thermometer  140°  (140-!- 
32=1 7^ )>  abforbed  by  and  combined  with  the 
ice  to  give  it  a fluid  form  ; but  the  fire,  thus  ab- 
forbed, does  not  produce  any  eflcci;  upon  the  ther- 
mometer. 

The  fire,  which  the  water  abforbs,  w hen  it 
acquires  a fluid  form,  is  again  feparated  from  it  by 
congelation;  for  if  a pound  of  water  at  32*’  be 
mixed  with  an  equal  quantity  of  ice  at  4®,  nearly 
i of  the  water  will  be  frozen,  and  the  temperature 
of  the  mixture  will  be  32.  Nowq  in  this  'experi- 
^OL.  II.  D 
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merit,  the  ice  is  raifed  from  4°  to  the  freezing 
point,  that  is,  28°.  It  is  therefore  plain,  that  by  the 
congelation  of  y of  a pound  of  water,  a fufiicient 
quantity  of  fire  is  evolved  to  raife  a pound  of  ice 
28  degrees : now  live  times  28  is  140^,  fo  that  the 
fire,  which  is  extricated  by  congelation,  is  pre- 
cifely  equal  to  that  which  is  abforbed  by  the  melt- 
ing ice.  MclTrs.  Lavoificr  and  de  la  Place  have 
given  us  this  general  idea  of  this  phenomenon. 
The  hcaty  neceffary  to  melt  ice^  is  equal  to  three^ 
fourths  of  that  which  would  elevate  the  favie  voeight 
of  watery  at  the  freezhtg  pointy  to  that  of  boiling 
water. 

The  external  air  promotes  the  formation  of 
ice;  water  in  a clofe  velTel  freezes  very  flowly  ; but 
if  expofed  to  air  of  the  fame  temperature,  ice  will 
very  foon  be  formed.  A limilar  phenomenon  is 
faid  to  be  obferved  in  the  cryftallization  of  falts ; 
many  faline  folutions,  which  will  remain  in  that 
flate  in  clofe  velTels,  difplay  cryflals  almoft  as  foon 
as  you  open  the  mouth  of  the  velTel,  and  expofe 
them  to  the  contact  of  the  atmofphere. 

Gentle  motion,  or  a flight  agitation  of  the 
fluid,  facilitates  it’s  converlion  into  ice : nearly  in 
the  fame  manner,  fome  faline  folutions  are  de- 
termined to  cryflallization  by  a flight  agitation. 
It  is  probable,  that  the  two  above-mentioned  cir- 
cumflances  facilitate  the  reparation  of  the  com- 
bined fire  from  the  water. 

Boiled  water  may  be  brought  a greater  num- 
ber of  degrees  below  the  freezing  point  without 
congealing,  than  unboiled  water,  which  contains 
more  air. 

Subftances,  which  lelficn  x\\q  Jranfparency  of 
w'ater,  render  it  at  the  fame  time  more  difficult  to 
be  cooled  below  32°  without  freezing,  and  difpofe 
it  to  flioot  more  readily  into  ice. 

Foreign  fubifances  chemically  combined,  or 
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diffolved  in  water,  do  not  take  away  it’s  property 
pf  being  cooled,  though  they  alter  the  degree  at 
which  that  property  commences. 

Striking  the  bottom  of  a tumbler  with  cooled 
water  againft  a board,  will  produce  inftant  conge- 
lation; when  flirring  the  water,  or  fliaking  it  ii> 
the  hand,  will  have  no  elfedt.’  'The  molt  certain 
method  of  bringing  on  congelation  is,  that  of  rub- 
bing a bit  of  wax  on  the  fide  of  the  tumbler,  but 
under  the  water;  a particujar  roughnefs  in  the  mo- 
tion is  felt,  and  a cruft  of  ice  is  immediately  per- 
ceived under  the  w'ax  upog  the  glafs. 

Thefe  methods  fucceed  belt  in  proportion  as 
the  w^ater  is  more  cooled  below  the  freezing  point  j 
iinlefs  the  cooling  amounts  to  4 or  5 degrees,,  the 
friction  from  the  w^ax  is  often  in  vain. 

W^hen  \yater  is  cooled  below  the  freezinp' 
point,  the  coptadt  of  the  leaft  particle  of  ice  will 
piake  it  inftantly  cpngeal ; ' the  glacial  cryftals 
ftiooting  all  through  the  liquor,  from  the  fpot 
where  the  ice  touches,  till  the  whole  comes  up  to 
the  freezing  point.  Pew  experiments  of  the  mi- 
, 1ft)  ret  a more  ftriking  fpedtacle'than  this, 
efpecially  when  the  w’ater  has  been  cooled,  nearly 
as  much  as  pofiible,  below  the  freezing  point; 
both  from  the  beautiful  manner  in  which  f he  cryf- 
tals fhoot  through  it,  and  the  rapidity  with  which 
the  mercury  in  the  thermometer  immerfed  in  it, 
runs  through  a fpacp  of  ig  or  1 1 degrees,  ftopping 
and  fixing  always  at  32  in  pure  water. 

The  eftedt  of  ice,  iii  haftening  congelation, 
explains  fome  phenomcnaj.  In  a calm  day,  when 
the  temperature  of  the  air  w’as  about  20^,  two 
veftels,  with  diftilled  w’ater,  w^ere  expofed  to  th? 
cold;  one  of  them  was  (lightly  covered  w ith  paper, 
the  other  was  left  open ; the  former  bore  to  be 
(Cooled  many  degrees  below  the  freezing  poiiic, 
whiift  ^ cruft  of  ice  always  formed  on  the  furface 
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of  the  other,  before  the  thermometer  immerfed  in 
the  middle  of  it,  came  to  the  freezing  point ; moft 
probably  arifing  from  the  frozen  particles,  which, 
in  frofty  weather,  are  generally  floating  in  the  air. 

Oil  fpread  over  the  furface  of  water  has  been 
found  to  prevent  it  from  freezing,  when  other 
water  flmilarly  expofed,  has  had  a cruft  of  ice 
upon  it ; the  oil  preventing  the  frozen  particles 
from  coming  in  contadt  with  the  water.  In  fri- 
gorific  mixtures  the  congelation  is  often  brought 
on  by  raiflng  the  immerfed  thermometer  a little 
out  of  the  water,  and  lowering  it  again,  fome  of 
the  adhering  water  having  frozen  on  the  ftem. 

To  infure  the  greateft  degree  of  cold  in  water 
without  freezing,  you  mufl:  cool  it  in  a very  gra- 
dual manner,  keeping  the  cold  of.  the  frigorific 
mixture  regularly,  only  two  or  three  degrees  below 
that  of  the  water.  Sudden  cooling  may  be  con- 
lidered  as  one  of  the  caufes  which  haften  congela- 
tion. Metallic  or  too  thin  vclTels  are  not  proper 
for  thefe  experiments,  as  they  tranfmit  fire  too 
readily.  The  frigorific  mixture  fliould  be  kept 
a little  below  the  edge  of  the  water  in  the  tumbler, 
otherwife  the  congelation  quickly  begins  at  that 
place. 

Fahrenheit  cooled  water  1 5 degrees  below  it’s 
common  freezing  point  without  freezing ; Mr.  de 
Luc  to  14°.  It  is  not  improbable,' that  if  water 
could  be  thoroughly  purged  of  air,  it  might  be 
cooled  I below  the  freezing  point  without  con- 
gelation. Other  fluids  will  bear  to  be  cooled  much 
more  below  their  proper  point  of  congelation. 

When  water  is  nearly  congealed,  it  augments 
in  bulk,  as  we  fliall  fhew  you  by  this  Ample  ex- 
periment. I fliall  take  this  tube  filled  to  E,  and 
plunge  the  bulk  thereof  in  the  mixture  of  fait  and 
ice;  you  will  obferve  that  the  water  at  firfl:  rifes  in 
the  tube,  on  account  of  the  fudden  contradion  of 

the 


Nature  and  Properties  of  Water. 


37 

the  bulb  on  being  immerged  in  this  cold  medium ; 
the  water  now  contra6led  in  it’s  turn  falls  again, 
and  will  remain  for  fome  time  at  the  fame  point ; 
in  a little  time  it  will  begin  to  expand ; it  has  now 
rifen  to  H,  and  foon  will  rife  with  fome  violence 
much  higher;  it  is  now  got  to  I ; the  water  in  the 
bulb  you  fee  lofes  it’s  tranfparency^  and'  grows 
cloudy,  and  is  freezing  during  the  congelation;  and 
while  the  ice  is  hardening,  the  water  rifes  in  the 
tube  ; it  now  runs  over  it. 

This  expanfive  force  of  ice  is  very  great,  as 
you  will  be  convinced,  by  the  detail  of  a few  in- 
terefling  experiments.  The  Rev.  Mr.  Jones  made 
a long  cylindrical  metal  box  with  a ftrong  rim;  to 
this  he  applied  a cover,  fitting  them  wdth  great 
exadlnefs  by  grinding  them  one  upon  the  other  in 
a turning-lathe.  • Pie  then  prepared  fome  water, 
firlf  by  boiling,  and  fecondly  by  exhaufling  the 
air  from  it,  which  was  fo  far  elPedled,  that  when 
cold  It  did  not  yield  the  lead  bubble  of  air,  on 
trying  it  by  the  air-pump.  PPe  filled  the  box  with 
water,  till  it  flood  convex  above  the  rim;  and  hav- 
jng  applied  a wet  leather  to  the  cover,  he  ferewed 
It  down  firmly  upon  the  box  with  four  iron  ferews. 
Jn  this  Hate,  it  is  probable,  the  box  could  not 
have  been  feparated  from  it’s  cover  by  a weight 
lefs  than  half  a ton.  He  plunged  the  whole  into 
a freezing  mixture,  in  lefs  than  half  an  hour  the 
water  was  froze  into  a folid  mafs,  and  as  it’s  bulk 
increaled,  the  three  ferews  were  forced  by  the 
Violence  of  the  preflurc,  and  the  cover  was  raifed 
up  on  one  fide  a quarter  of  an  inch  above  the  rim. 

io  meafure  this  force  with  more  exadlnefs* 
the  fame  gentleman  made  another  experiment' 
u ing  the  fame  box,  and  filling  it  as  before  with 
water  purged  of  it’s  air,  and  being  covered,  but 
not  It  was  placed  upon  an  oaken 

pcdtflal,  which  had  for  it’s  bafe  a Hat  hewn  Hone 
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of  about  a foot  fqiiare.  The  fhofter  arm  of  a very 
ifrong  lever  was  made  to  pi-efs  upon  the  cover  • 
this  lever  was  compounded  with  two  more  to  in- 
creafe  the  power  ; at  the  extremity  of  the  longcft 
arm  of  the  moll  remote  lever  a cord  was  faftened, 
which  ran  over  a pulley,  and  had  a w^eight  of 
281b.  ; by  allthcfe  combined,  the  cover  of  the  box 
W’as  prelled  with  a fotce  of  above  22961b.;  while 
it  w'as  fo  prcllbd  down,  the  Avatef  within  it  was 
froze,  and  the  agent  by  which  the  water  was  con- 
gealed overcame  the  whole  force  of  the  machine, 
The  experiment,  however^  w'as  not  complete ; for 
when  the  water  began  to  freeze,  and  the  cover  of 
the  box  to  be  faifed  from  the  rim,  the  ground 
yielded  under  the  pfelfure,  and  the  flat  done,  which 
ferved  as  a bafe  to  the  pedcdal,  funk  a little  below 
it’s  fil'd  pofitiori ; by  this  means  the  force  was  at 
fil'd  fpent  upon  the  ground,  and  did  not  take  place 
in  the  machine  rill  the  ground  would  give  way  no 
more.  It  was,  however,  fo  fcndbly  perceived  in 
the  machine,  as  to  prove  tliat  it  was  at  lead  fupe- 
rior  to  one  ton  two  hundred  and  ninety-Jis  pounds. 
The  box  contained  5 tV  cubic  inches,  May  liot 
this  force  proceed  from  fire,  not  as  giving,  but  as 
redoring  an  equilibrium,  which  has  been  inter- 
rupted ?"  For  light  and  fire  may  have  powerful 
ededls  in  nature,  wLerc  they  give  no  fenfible  heat. 

By  the  expanfive  force  of  ice,  Huyghens  burd 
an  iron  tube  of  half  an  inch  in  thicknefs,  In  the 
experiments  of  the  academy  del  cimento,  bomb- 
dielh  and  the  drohged  vcd'els  being  filled  with 
water,  were  burd  in  pieces  by  the  fluid  on  it’s 
congelation. 

When  w’atef  is  congealed  into  iefe;  a great 
number  of  bubbles  are  produced  and  imprifoned 
in  it ; as  thefe  bubbles  are  produced  in  the  acd  of 
fi'cezing,  they  extend  the  bulk  of  it’s  water,  and 
render  the  icc  fpecifically  lighter,  and  capable  of 

floating 


Nature  and  Properties  of  Water,  3^ 

floating  thereon.  That  thefe  bubbles  are,  in  a 
great  meafure,  the  caufes  of  this  expanhon,  is  clear 
from  the  experiments  of  Marriotte  and  Mairan, 
who  found  ice  made  with  water,  well  purged  of 
air,  fenlibly  heavier  than  that  formed  from  the 
fame  quantity  of  common  water.  According  to 
Mairan,  ice  formed  of  water,  purged  of  air,  ex- 
ceeded iV  in  bulk  the  volume  of  water  which  form- 
ed it ; while  ice  made  from  water,  not  purged  of 
air,  exceeds  the  water  t or  tV  in  bulk;  therefore 
floats  with  about  one  tenth  part  of  it’s  thicknefs 
out  of,  or  above  the  water  that  bears  it.  From 
hence  you  may  infer  the  amazing  thicknefs  of  the 
ice  in  the  northern  feas,  where  the  portion  above 
the  furface  is  higher  than  the  mads  of  the  tailed 
veflels. 

W^hen  a tradl  of  ice  in  drong  mades  is  fpread 
over  the  ground,  and  other  ice  continues  to  be 
iormed  underneath,  where  there  is  not  room  for 
it’s  expanflon,  as  in  the  glaciers  of  Switzerland, 
the  ice  underneath  fometimes  expands  with  fuch 
force  as  to  rend  the  fuperior  drata  with  violent 
explofions.  In  the  frody  climates  of  the  polar 
regions,  thefe  explofions  are  frequent,  and  fome- 
times as  loud  as  a cannoin 

The  expandve  force  of  ice  is  applied  on  fe- 
- verai  occadons  to  favc  the  labour  of  man,  and  per- 
form fuch  things  as  are  beyond  the  reach  of  art. 
Blocks  of  flate-done,  which  is  formed  in  thin 
plates  or  drata,, not  feparable  by  a tool,  are  taken 
out  of  the  quarry  and  expofed  to  rain,  which 
foaking  into  the  pores  of  the  done  is  there  frozen 
into  ice,  which,  by  it’s  expanflon,  breaks  the 
done  into  thin  plates.  In  the  iron  works,  they 
fometimes,  in  order  to  break  an  old  bomb-flieil,  fill 
it  with  water,  then  faden  up  the  vent  and  expofe  it  to 
the  frod,  which  burds  it  into  pieces  without  farther 
trouble.  If  you  expert,  therefore,  that  any  liquor 
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will  freeze,  and  wifh  to  preferve  your  veflel,  kave 
room  therein  fufficicnt  for  this  accidental  ex- 
tenfion. 

The  effedls  of  this  expanfion  are  obfervable  in 
a thoufand  phenomena.  Trees  are  burft,  rocks  are 
rent;  walnut,  afh,  and  oak-trees,  are  fometimes 
cleft  afunder,  and  this  wdth  a noife  like  the  explo- 
lion  of  fire-arms. 

Nor  are  the  effecffs  of  extreme  cold  lefs  won- 
derful ; metallic  fubdances  will  then  blifter  the 
fkin  like  red-hot  iron;  the  air,  when  drawn  in, 
hurts  the  lungs,  and  excites  coughing. 

When  the  French  mathematicians  wintered 
at  Tornea,  in  Lapland,  the  external  air,  w'hen 
fuddenly  admitted  into  their  rooms,  converted  the 
moifcLire  of  the  air  into  whirls  of  fnow.  Their 
bread  feemed  to  be  rent  w'hen  they  breathed  it, 
and  the  contadl  of  it  was  intolerable  to  their  bodies; 
and  the  aqueous  parts  of  fpirit  of  wdne,  which  had 
not  been  highly  redlided,  burd  fome  of  their  ther- 
mometers. 

Extreme  cold  often  proves  fatal  to  animal 
life;  7000  Sw^edes  perifhed  at  once  in  attempting 
to  pafs  the  mountains,  which  divide  Norway 
from  Sw  eden.  In  cafes  of  extreme  cold,  the  per- 
fon  attacked  fird  feels  himfelf  extremely  chill  and 
uneafy,  he  begins  to  turn  lidlefs,  is  unwilling  to 
\yalk  or  ufe  the  exercife  necedary  to  keep  him 
warm,  and  at  lad  turns  drowTy,  dts  down  to  refredi 
Kimfelf  with  deep  ; but  wakes  no  more.  An  in- 
da'nce  of  this  was  feen  at  Terra  del  Fuego,  w'here 
'Pr»  Solandefy  with  fome  others,  having  taken  an 
excurdon  up  the  country,  the  cold  w^as  fo  intenfe 
as  to  kill  one  of  their  company.  The  docdor 
himfelf,  though  he  had  warned  his  companions  of 
the  danger  of  llccping  in  that  fituation,  yet  could 
not  be  prevented  from  making  that  dangerous  ex- 
periment himfelf;  and  though  he  v/as  awaked  with 
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all  pofTible  expedition^  his  body  was  fo  much 
flirunk  in  bulk,  that  his  (lioes  fell  off  his  feet,  and 
it  was  with  the  utmoft  diffculty  he  was  recovered. 

In  thofe  parts  of  the  world,  where  vaft  maffes 
of  ice  are  procured,  the  accumulation  thereof  by 
abforbing  the  fire  from  the  atmofphere,  occafions 
great  fierility  in  the  neighbouring  countries,  as  is 
particularly  the  cafe  with  the  iflands  of  Iceland, 
Greenland,  Statenland,  &;c. 

Ice  is  fubject  to  a conftant  diminution  of  it’s 
weight  when  expofed  to  the  common  air.  Mr. 
Boyle  expofed  two  ounces  of  ice  to  a fliarply  freez- 
ing air  a little  before  midnight,  and  found  it  in  the 
morning  diminiihed  10  grains  in  weight.  In  long 
continued  froffs,  the  ice  formed  in  ponds,  and 
other  fmall  colledions  of  water,  is  fenfibly  dimi- 
niihed every  day,  and  often  wholly  evaporated;  and 
a fall  of  fnow  may  be  feen  conliderably  wafted  in 
a few  days  in  the  fevereff  feafon.  The  principal 
caufe  of  this  lofs  of  weight  feems  to  be  the  incef- 
fant  a(ifion  and  abrafion  of  the  air  upon  the  furface 
of  the  ice. 

Notwithffanding  this  lofs  of  weight  to  which 
• both  ice  and  fnow  are  fubjefl  in  the  w'eather, 

and  the  thaw  which  they  experience  in  the  hotteft, 
fome  have  doubted,  whether  the  quantity  of  con- 
gealed water  be  not  an  increafing  quantity.  A 
philofopher,  * well  acquainted  with  the  nature  of 
the  Alps,  exprelTes  himfelf  upon  the  fubjecff  in  the 
following  manner : One  cannot  doubt  concern^ 

ing  the  mcreafe  of  all  the  glaciers  of  the  Alps  ; 
their  very  exiftence  is  a proof,  that  in  preceding 
ages,  the  quantity  of  fnow  which  has  fallen  during 
ti\c  w'inter,  has  exceeded  the  quantity  melted 
during  the  fummer.  Now,  not  only  the  fame 
caufe  llili  fubfihs ; but  the  cold,  occafioned  by  the 
niais  of  ice  alicady  formed,  ought  to  augment  it 
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flill  fartheT,  and  thence  more  fnow  ought  to  fall, 
and  a lefs  quantity  of  it  be  melted*” 

Though  this  be  admitted,  it  by  no  means 
follows  that  there  is  an  annually  increaling  quan- 
tity ; for,  befides  the  heat  of  the  air  in  fummer, 
there  is  another  caufe,  which  tends  to  prevent  any 
indefinite  augmentation  of  congealed  water, — the 
internal  heat  of  the  earth.  The  general  heat  of  the 
fprings  of  water,  fituated  deep  in  the  bowels  of  the 
earth,  is  48  degrees.  In  mountainous  countries  it 
may  be  fomevvhat  lefs,  but  fufficient  notwith- 
ftanding  for  the  purpofe  here  mentioned.  When 
the  fnow,  incumbent  on  any  fpot  of  ground,  is  but 
thin,  it  may  fo  far  cool  the  earth,  that  the  jnter-^ 
nal  heat  may  not  be  able  to  dilTolve  it ; but  when 
the  bed  is  thick  enough  to  protedf  the  earth  from 
the  influence  of  the  atmofpherical  cold,  that  fur- 
face  of  the  earth  may,  even  in  the  coldefl:  winters, 
receive  more  heat  from  the  earth,  than  cold  from 
the  atmofphere,  and  be  therefore  difTolved  at  all 
feafons  of  the  year.  ^ 

This  reafon  is  corroborated  by  fact ; for  it  is 
faid,  that  fireams  of  water  ilfue  from  the  bottom  of 
the  glaciers  in  the  Alps,  in  the  greatefl:  feverity  of 
winter  ; fo  that  whether  the  internal  heat  of  the 
earth  be  admitted  or  not,  as  a caufe  fufficient  to 
explain  the  phenomenon,  a conflant  thaw  of  the 
ice  or  fnow,  w’hich  is  contiguous  to  the  furface  of 
the  earth  in  the  Alps,  cannot  be  denied ; and  this, 
added  to  other  caufes,  may  render  it  probable,  that 
the  quantity  of  congealed  water  has  it’s  limit,  even 
in  the  coldefl:  country. 

Ice  appears  to  be  a kind  of  confufed  cryftal- 
lization.  Mn  De  Mairan  obferved,  that  the 
needle-formed  cryfirals  of  ice  unite  in  an  angle  of 
• .60  or  120^.  If  a piece  of  ice,  which  contains 
y»ater  in  it’s  internal  part,  be  broken,  the  water 

runs 
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runs  Out,  and  the  internal  cavity  is  found  to  be 
lined  with  beautiful  tetrahedral  prifms.  Thcfe 
prifms  are  often  articulated  and  crolfed.  When  it 
fnows  at  MofeoWi  and  the  atmofphere  is  not  too 
dry,  the  air  is  obferved  to  be  loaded  with  beauti- 
ful cryflallizations  regularly  flattened,  and  as  thin 
as  a leaf  of  paper.  They  conflfl;  of  an  union  of 
fibres  which  ihoot  from  the  fame  center  to  form 
fix  principal  rays  ; thefe  rays  divide  themfelves 
into  extremely  fmall  blades.  Mr.  Macquart  has 
obferved  feveral  of  thefe  flattened  radii,  which 
were  ten  lines  in  diameter. 

Hail  and  fnow  are  modifications  of  ice.  tiaii 
is  probably  produced  by  a fudden  difengagement  of 
the  fire  by  which  water  is  rendered  liquid,  and  Is 
generally  accompanied  by  thunder.  Hail^  fnow, 
and  icCy  are  wonderful  images  of  the  great  operations 
in  nature ; and  if  your  fenfes  had  not  acquainted 
you  how  thefe  things  are  created  out  of  femething, 
and  are  themfelves  only  the  properties  of  fire,  air,* 
and  water,  brought  out  of  a prior  flate  into  fuch  a 
compadtion  and  creation  as  is  called  fnow,  hail, 
and  ice,  philofophy  would  have  left  you  as  ignorant 
of  their  nature,  as  it  is  of  mofl:  material  fubftances. 
Mr,  Chaptal  relates  the  following  curious  obfer- 
ration,  made  by  himfelf  at  Montpelliei'3  Ocl.  29, 
1786*  ” On  that  day  four  inches  of  water  fell  at 

Montpellier,  a Violent  explofion  of  thunder  was 
heard  about  four  in  the  afternoon,  which  appeared' 
to  be  very  near,  and  was  accompanied  by  a moll 
violent  fhowei*  of  haih  At  this  inflant,  a druggifi, 
who  was  employed  in  preventing  the  mifehief  oc- 
cafioiied  by  the  filtration  of  water  through  the  wall, 
was  greatly  aftoniflied  by  perceiving  the  water  that 
came  through  the  w'all  infiantly  changed  into  ice. 
He  called  in  feveral  of  his  neighbours  to  par- 
take of  his  furprize.  Mr.  Chaptal  viliied  the  place 
about  a quarter  of  an  hour  afterwards^  and  found 
•S  about . 
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about  ten  pounds  of  ice  at  the  foot  of  the  wall : he 
was  well  allured  it  could  not  have  palTed  through 
the  wall,  which  did  not  exhibit  any  crack.  Did 
the  fame  caufe  which  determined  the  formation  of 
iiail  in  the  atmofphere,  ad:  equally  in  the  cellar?” 

A mafs  of  ice  formed  by  a flow  congelation, 
appears  very  homogeneous,  and  fufficiently  tranf- 
parcnt  for  a Imall  diftancc  from  the  furface  firlt 
frozen;  but  in  the  interior  parts,  and  particularly 
towards  the  middle,  there  is  a conhderable  number 
of  bubbles  of  air.  A quick  congelation  fpreads  thefe 
bubbles  indifferently  through  the  whole  mafs, 
w hich  becomes  therefore  almoft  opake,  being  com- 
pofed  of  fmall  parts  of  different  denlities  ; and  the 
upper  furface  is  more  rough  and  irregular  than 
v»'hen  the  congelation  has  been  flow  and  gradual. 

The  ice  of  running  waters  is  differently  formed 
"from  that  of  ftanding  waters  ; in  thefe  the  furface 
is  fir  ft  freeze,  and  thickens  gradually  by  freezing 
one  ftratum  of  water  after  another ; and  it  is  car- 
ried on  much  more  expcditioufly  than  when  it  is  in 
motion. 

When  the  cold  is  fufficient,  the  water  freezes 
on  the  edges  of  a river.  The  ice  thus  formed  is, 
however,  often  broken  and  carried  aw^ay  by  the 
current ; more  ice  is  then  formed,  wTich  is  again 
broken  off,  and  fo  on.  The  cakes  of  ice  thus 
formed,  are  at  firft  very  thin,  and  eafily  broken  by 
the  firft  fhock,  fo  that  very  few  remain  wTole,  but 
are  broken  in  a thoufand  pieces.  Thus  in  a little 
time  the  river  is  covered  with  fmall  pieces  of  ice 
(that  the leaftobftacle  ftops)floatingdownit’sftream. 
Thefe  by  degrees,  and  from  a variety  of  circum- 
ftances  accumulate  in  lize  and  number;  and  the 
ice  thus  formed  is  very  irregular  and  opake,  and 
mixed  vvith  a variety  of  fmall  heterogeneous  fub- 
ftanccs,  as  bits  of  ftraw,  herbs,  which  had 

iittached  thcmfdvcs  .to . the  pieces  of  ice.  - By  a 
^ continual 
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continual  increafe  in  lize  by  the  various  obflaclcs 
to  be  met  with  in  the  courfe  of  a river,  fuch  as 
bridges,  &c.  thefe  cakes  are  at  lad  fo  joined  as  to 
cover  the  river.  In  very  fevere  frods,  and  very 
cold  climates,  rivers  have  been  known  to  be  froze 
over  with  great  rapidity.  Dr.  Goldfmith  mentions 
having  feen  the  Rhine  frozen  at  one  of  it’s  mod 
precipitate  catarabls,  and  the  ice  danding  in  glady 
columns  like  a fored  of  large  trees,  the  branches 
of  w hich  have  been  lopt  away.  So  hard  does  the 
ice  become  in  cold  countries,  that  in  1740,  a palace 
of  ice  w'as  built  at  Peterfburg,  after  a very  elegant 
model,  and  in  jud  proportions  of  Augudan  archi- 
tedlure.  It  was  52  feet  long,  and  20  feet  high. 
The  materials  were  quarried  from  the  furface  of  the 
river  Neva,  and  the  whole  dood  glidening  againd 
the  fun  w ith  a brilliancy  almod  equal  to  his  owm. 
To  increafe  the  w’onder,  6 cannons  of  ice,  and  two 
bombs,  all  of  the  fame  materials,  wxre  planted 
before  this  extraordinary  edifice  : the  cannon  'were 
three  pounders,  they  were  charged  with  gunpow^-' 
der,  and  fired  off;  the  ball  of  one  pierced  an  oak 
plank  2 inches  thick  at  fixty  paces  didance,  nor 
did  the  piece  burd  with  the  exploiion. 

In  the  northern  parts  of  the  world  folid  bodies 
are  liable  to  be  hurt  by  the  frod.  Timber  is  often 
apparently  frozen,  and  exceedingly  dilhcult  to  be 
jawed.  Marie,  chalk,  and  other  Ids  folid  terredrial 
concretions,  are  often  diattered  by  long  and  durable 
frods-  Metals  are  contradled  by  frod:  thus  an 
iron  tube  1 2 feet  long,  upon  being  expofed  to  the 
air  in  a frody  night,  lod  two  lines  of  it’s  length. 
The  expanfion  of  water  I have  already  mentioned 
to  you.  Ti-ees  are  often  dedroyed  by  frod,  and 
appear  as  if  burnt  by  the  modexcdlive  heat. 

Frod  generally  proceeds  from  the  upper  parts 
of  a body  downwards  ; but  how  deep  it  will  reach 
in  the  earth  is.noteafily  known,  as  this  depth  will 

vary 
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vary  from  a variety  of  caufes,  as  the  duratia^^  of 
the  froft,  the  texture  of  the  ground,  After  a 

hard  froft  of  fome  days,  Mr.  Boyle  dug  in  an 
orchard  where  the  ground  was  level  and  bare,  and 
found  the  frofb  had  fcarce  reached  3 inches  and  a 
half  below  the  furface.  Nine  or  ten  fucceffive 
frofty  nights  froze  the  ground  in  the  orchard  only 
to  the  depth  of  8 inches  and  a half.  In  a garden 
at  Mofcow,  the  froft  in  a hard  feafon  only  pene- 
trated 2 feet.  Water,  like  the  earth,  feems  not 
difpofed  to  receive  any  very  intenfe  degree  of  cold 
at  a confiderable  depth  or  diftance  from  the  air; 
the  vaft  niaffes  of  ice  found  in  the  northern  feas 
being  only  many  flakes  and  fragments,  which,  Aiding 
under  each  other,  are  cemented  together  by  the 
congelation  of  the  intercepted  water. 

The  great  power  of  froft  on  vegetables  is  a 
thing  fufhciently  known ; but  the  difference  be- 
tween the  frofts  of  a Jevere  winter^  and  thofe  of 
fpring  mornings,  have  been  but  little  attended  to ; 
you  will,  however,,  find  it  a fubject  very  worthy 
of  your  attention. 

The  frofts  of  a fevere  winter  are  much  more 
terrible  than  thofe  of  the  fpring^  as  they  bring  on  a 
privation  of  all  the  producls  of  the  tenderer  parts 
of  the  vegetable  world ; but  they  are  not  frequent, 
fuch  winters  happening  but  once  in  an  age  ; but  the 
frofts  of  the  fpring  are  more  injurious,  as  they  arc 
repeated  every  year, 

In  regard  to  trees,  the  great  difference  is  this, 
that  the  frofts  of  a fevere  winter  affecft  their  wood, 
their  trunks,  and  the  large  branches;  whereas  thofe 
of  the  fpring  have  only  power  to  hurt  the  buds. 

'fhe  winter  frofts  happen  at  a time  when  moft 
of  the  trees  have  neither  leaves,  flowers,  nor  fruits 
upon  them,  and  have  their  buds  fo  hard  as  to  be 
proof  againft  flight  injuries  of  the  weather,  efpe- 
cially  if  the  preceding  fummer  has  not  been  too 

wet^ 
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'wet.  Hard  frofts,  ^vhich  happen  late  in  the  winter, 
caiife  very  great  injuries  even  to  thofe  trees  which 
they  do  not  deftroy. 

It  is  not  the  fever  efl  cold  or  mofl  fixed  frojl  that 
does  the  greateji  injury  to  vegetables.  Though  this 
obfervation  is  dircdlly  oppofed  to  popular  opinion, 
it  will  be  found  not  lei's  true,  nor  any  way  repug- 
nant to  reafon.  k is  humidity  that  makes  froll  fatal 
to  vegetables,  and  therefore  every  thing  that  caa 
occalion  humidity  expofes  them  to  thefe  injuries. 
It  is  W'ell  known,  that  vegetables  always  feci  the  frolf 
very  defperately  in  low  places  where  there  are  fogs. 
The  plants  which  Hand  by  a river  lide  are  often  de- 
Hroyed  by  the  fpring  and  autumnal  froHs ; whiKt 
thofe  of  the  fame  fpecies,  which  Hand  in  a drier 
place,  fuffer  but  little,  if  at  alL  The  low  and  wet 
parts  of  forefts  produce  worfe  W'ood  than  the  high 
and  drier.  The  coppice  wood  in  wet  and  low  parts 
of  common  woods,  though  it  piilh  out  at  lirfl:  more 
vigoroufly  than  that  of  other  places,  yet  never  comes 
to  fo  good  a growth;  for  the  froft  of  the  fpring  kil- 
ling thefe  early  top  fhoots,  obliges  the  lower  parts 
of  the  trees  to  throw  out  lateral  branches.  Froil 
feldom  hurts  the  late  Ihoots  of  vine  or  flower 
buds,  except  when  it  follows  heavy  dews,  or  a long 

rainy  feafon,  and  then  it  never  fails  to  do  sreat 
mifehief.  ‘ ^ 

Frolt  does  more  mifehief  on  newly  cultivated 
ground  than  in  other  places,  becaufe  the  vapours 
find  an  eaiier  palfage  there  than  from  other  places, 
d recs  newly  cut  fuller  more  than  others  by  fpring 
frofls,  becaufe  they  flioot  more  vigoroufly.  Side 
flioots  of  trees  are  more  fubjed:  to  fulfer  from 
fpring  frofls,  than  thofe  at  the  top ; in  general,  the 
eifedts  of  the  fpring  frofls  are  much  greater  near 
the  ground  than  elfcwhere. 

On  the  fame  principles  you  may  explain  why 
the  fouth  fides  of  trees  are  iTiore  damaged  by  a 

fevere 
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fevere  froft  than  the  north.  Great  damage  is  alfo 
done  to  the  weftern  fide  of  trees  and  plantations, 
when  after  a rain  with  a w^eft  wdnd,  the  wdnd  turas 
about  to  the  north  at  fun-fet,  which  is  common  in 
fpring  ; or  when  the  eall  blows  upon  a thick  fog 
before  fun-riiing. 

In  the  ftate  of  the  atmofphere  we  denominate 
a froft,  there  is  an  intimate  union  between  the  air 
and  the  water  in  the  air,*  therefore  except  in  high 
latitudes,  frofty  wxather  is  generally  clear.  When 
fuch  an  union  takes  place,  either  in  w'inter  or  fum- 
mer,  the  atmofphere  is  inclined  to  abforb  fire ^ and 
confequently  to  produce  froft.  Thus  in  clear  fet- 
tled weather,  even  in  fummer,  though  the  day  may 
be  exceflive  hot,  yet  the  mornings  and  evenings  are 
extremely  cold. 

The  air  in  frofty  weather,  or  clear  dry  wea- 
ther, being  always  ready  to  abforb  fire  from  every 
fubftance  in  contact,  muft  of  courfe  abforb  part  of 
' that  contained  in  the  vapour,  wdiich  floats  in  it’s 
bofom. 

Though  vapour  is  capable  of  becoming  much 
colder  than  w^ater  without  being  frozen,  yet  by 
a continual  abforption  it  muft  at  laft  part  wnth 
it’s  latent  fire y i.e.  what  is  effential  to  it’s  cxiftence 
as  vapour,  and  without  wftiich  it  is  no  longer  va- 
pour, but  w’ater  or  ice.  When  a froft  has  acquired 
a certain  degree  of  intenfity,  then  the  vapours  every 
where  difperfed  in  the  air  give  out  their  latent 
fire,  the  atmofphere  becom.es  clouded,  the  froft 
either  goes  oft  or  becomes  milder,  and  the  vapour 
defeends  in  rain,  hail,  or  fnow,  according  to  the 
difpofttion  of  the  atmofphere. 

To  iMAKE  Ice. 

In  many  countries  the  w^armth  of  the  climate 
renders  ice  not  only  a delirable,  but  even  a nece^f- 
fary  article  i fo  that  it  becomes  ah  objeft  of  fomc 

confequence 


Nature  and  Properties  of  Water.  4^ 

conrequence  fo  fall  upon  a ready  and  cheap  method 
of  procuring  it.  Though  the  cheapdl  method 
hitherto  dilcovered,  feems  to  be  that  bv  means  ot 
fa’«- immoniac  or  Glauber’s  fait  ; yet  it  may  not  be 
amifs  to  take  notice  of  fome  attempts  made  by 
Mr.  Cavallo,  to  difeover  a method  ot  producing  a 
iuflicient  degree  of  cold  for  this  purpofe  by  the 
evaporation  of  volatile  liquors.  He  found,  how- 
ever, in  the  courfe  of  thefe  experiments,  that  ether 
was  incomparably  fuperior  to  any  other  fluid  in  the 
degree  of  cold  it  produced.  I'he  price  of  the  li- 
quor naturally  induced  him  to  fall  upon  a method 
of  ufing  it  with  as  little  wafre  as  polilbic. 

1 he  apparatus  for  ufing  the  leaft  poffiblc  quan- 
tity of  ether  for  freezing  water,  confifts  in  a glafs 
tube  terminating  iii  a capillary  aperture,  which  is 
to  be  fixed  upon  thp  bottle  containing  the  etherf 
Round  the  lower' part  of  the  neck  fome  thread  is 
wound,  in  order  to  let  it  fill  the  neck  of  the  bottle.. 
When  the  experiment  is  to  be  made,  the  hopper  of 
the  bottle  containing  the  ether  is  to  be  removed, 
and  the  tube  juft  mentioned  put  in  it’s  room.  The 
threaa  round  the  tube  ought  alfo  to  be  prevnoufly 
moiftened  wdth  water  before  it  is  put  in  the  neck 
of  the  bottle,  in  order  the  more  effectually  to 
prevent  the  efcape  of  the' ether  betwixt  the  neck 
ot  the  phial  and  tube.  Holding  then  die  bottle 
by  it’s  bottom,  and  keeping  it  inclined,  the  fmali 
ftream  of  ether  ilfuing  out  of  the  aperture  of 
the  tube,  is  direefted  upon  the  ball  of  the  thermo- 
meter, or  upon  a tube  containing  water  or  other 
liquor  that  is  required  to  be  congealed.  As  ether, 
is  very  volatile,-  and  has  the  remarkable  property 
of  increafing  the  bulk  of  air,  there  is  no  aperture 
requifite  to  allow  the  air  to  enter  the  bottle  while 
the  liquor  flow-s  out.  The  heat  of  the  hand  is 
more  than  fufficient  to  force  out  the  ether  in  4 
continued  ftream  at  the  aperture. 

VoL.  II.  E 
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In  this  manner,  by  throwing  the  flream  of  ether 
upon  the  ball  of  a thermometer  in  fuch  a quantity, 
that  a drop  might  no\v  and  then,  every  lo  feconds 
for  inftance,  fall  from  the  bulb  of  the  thermometer, 
Mr.  Cavallo  brought  the  mercury  down  to  3°,  or 
29°  below  the  freezing  point,  w hen  the  atmofphere 
was  fomewhat  hotter  than  temperate.  When  the 
ether  is  very  good,  i.  e.  capable  of  dillolving  elaftic 
gum,  and  has  a fmall  bulb,  not  above  20  drops  of  , 
it  are  required  to  produce  this  elfecl,  and  about 
two  minutes  of  time  ; but  the  common  fort  muff 
be  ufed  in  greater  quantity,  and  for  a longer  time ; 
though  at  laft  the  thermometer  is  brought  down  by 
this  very  nearly  as  low  as  by  the  befl:  fort. 

The  proportion  of  ether  requifite  to  congeal 
w^ater,  feems  to  vary  with  the  quantity  of  the  lat- 
ter; that  is,  a large  quantity  of  w-ater  feems  to  re- 
quire a proportionably  lefs  quantity  of  ether  to 
freeze  it  than  a fmaller  one.  In  the  beginning 
of  the  fpring  (fays  Mr.  Cavallo)  1 froze  a quarter 
of  an  ounce  of  w^ater  w ith  about  half  an  ounce  of 
ether;  the  apparatus  being  larger,  though  limilar 
to  that  deferibed  above.  Now^  as  the  price  of  ether 
fufficiently  good  for  the  purpofe,  is  generally  about 
I 8 pence  or  two  Ihillings  per  ounce ; it  is  plain, 
that  with  an  e:;pence  under  two  fhillings,  a quar- 
ter of  an  ounce  of  ice,  or  ice  cream,  may  be  made 
in  every  climate,  and  at  any  time,  wLich  may 
afford  great  fatisfaebion  to  thdfe  perfons,  who,  liv- 
ing in  places  where  no  natural  ice  is  to  be  had, 
never  favv  or  tailed  any  fuch  delicious  refrefliment. 
When  a fmall  piece  of  ice,  for  inftance,  of  about 
ten  grains  w’cight,  is  required,  the  necelfary  appa- 
ratus is  very  fmall,  and  the  expence  not  worth  men- 
tioning. A fmall  box  four  inches  and  a half  long, 
two  inches  broad,  and  one  and  a half  deep,  contains 
all  the  apparatus  neceffary  for  this  purpofe;  viz.  a 
bottle  c^q^able  of  containing  about  one  ounce  of 

ether; 
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ether;  two  pointed  tubes^  in  cafe  one  fliould  break ; a 
tube  in  which  the  water  is  to  be  frozen,  and  a wire^ 
With  the  quantity  of  edie.r  contained  in  this  fmali 
and  very' portable  apparatus,  the  experiment  may 
be  repeated  about  ten  times.  A perfon  who  wiflaes 
to  perform  fuch  experiments  jn  hot  climates,  and- 
in  places  where  ice  is  not  ealjly  procured,  requires 
.only  a larger  bottle  of  ether  befides  the  whole  ap- 
paratus deferibed  above. 

To  PRODUCE  A great  DeGREE  OF  CoLD. 

The  power  of  producing  cold  belongs  partis 
.cuiarly  to  bodies  of  the  faline  clafs.  In  a paper  of 
the  Philofophical  Tranfadlions,  Mr.  Geoffroy  give? 
an  account  of  fome  remarkable  experiments  witli 
regard  to  the  production  of  cold.  Four  ounces  of 
fal-ammoniac  diffolved  in  a pint  of  water,  made 
his  thermometer  defeend  two  inches  and  three 
.quarters  in  lefs  than  fifteen  minutes.  An  ounce  of 
the  fame  fait  put  into  four  or  five  ounces  of  diftili- 
Jed  water,  made  the  thermometer  defeend  two 
inches  and  a quarter.  Half  an  ounce  of  fal-am- 
moniac  mixed  with  three  ounces  of  fpirit  of  nitre, 
made  the  thermometer  defeend  two  inches  and 
five  lines;  but  on  ufing  the  fpirit  of  vitriol  inffead 
of  nitre,  it  funk  two  inches  and  fix  lines.  In  this 
lah  experiment  it  was  remarked,  that  the  vapours 
raifed  from  the  mixture  had  a confidcrable  degree 
of  heat,  though  the  liquid  itfelf  was  fo  extremely 
cold.  Four  ounces  of  falt-petre  mixed  with  a pint 
of  water,  funk  the  thermometer  one  inch  three 
lines ; but  a like  quantity  of  fea-falt  funk  it  only 
two  lines.  Acids  always  produced  heat,  even  com- 
mon fait  with  it’s  own  fpirit.  Volatile  alkaline  faits 
produced  cold  in  proportion  to  their  purity,  but 
fixed  alkalines  heat.  ' . - 
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If,  inllead  of  making  tliefe  experiments,  how- 
ever, with  fluid  water,  we  take  it  in  it’s  congealed 
ilate  of  ice,  or  rather  fnow,  degrees  of  cold  will 
be  produced  vaflly  fuperior  to  any  we  have  yet 
mentioned.  A mixture  of  fnow  and  common  fait 
links  Fahrenheit’s  thermometer  to  O;  pot-afhes 
and  powdered  ice  link  it  eight  degrees  farther  ; two 
cflufions  of  fpirit  of  fait  on  pounded  ice  fmk  it  more 
tiian  14-''  below  o.  This  is  the  ultimate  degree 
of  cold  that  the  mercurial  thermometer  will  mea- 
fure,  becaufe  the  mercury  itfelf  then  begins  to 
congeal;  and  therefore  we  mull:  afterwards  have 
recourfe  to  fpirit  of  wine,  naptha,  or  fomc  other 
fluid  which  will  not  congeal.  The  greateft  degree 
of  cold  hitherto  producible  by  artificial  means  has 
been  80^"  below  o;  which  was  done  at  Hudfon’s 
Bay  by  means  of  fnow  and  vitriolic  acid,  the  ther- 
mometer Banding  naturally  at  20°  below  o.  Greater 
degrees  of  cold  than  this  have  indeed  been  fup- 
pofed.  Mr.  Martino,  in  his  treatife  on  heat,  relates, 
that  at  Kirenga  in  Siberia,  the  mercurial  thermo- 
meter funk  to  1 18®  below  o;  and  Profelfor  Brown 
at  Peterfburg,  when  he  made  the  firB  experiment  of 
congealing  quickfilver,  flxed  the  point  of  congela- 
tion at  350^"  below  o;  but  Dr.  Black,  as  foon  as 
the  experiment  w’as  made  known  in  this  country, 
obferved,  that  in  all  probability  the  point  of  con- 
gelation was  far  above  this.  His  reafons  for  fup- 
poflng  this  to  be  the  cafe  were,  that  the  mercury 
defeended  regularly  only  to  a certain  point,  after 
which  it  would  defeend  fuddenly  and  by  Barts 
- 100  degrees  at  a time.  This,  he  conjccBurcd, 
might  proceed  from  the  irregular  contraflion  of  the 
metal  after  it  was  congealed  ; and  he  obferved,  that 
there  was  one  thermometer  employed  in  the  expe- 
riment which  was  not  frozen,  and  which  did  not 
defeend  fo  low  by  a great  many  degrees,  'tixpe- 
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ricnce  has  fince  verified  his  conjcdlure;  and  it  is 
now  generally  known,  that  40*  below  o is  the, freez* 
ing  point  of  quickfilvcr. 

Since  the  difeovery^of  the  pofTibility  of  pro- 
ducing cold  by  artificial  means,  various  experi- 
ments have  been  made  on  the  clhcacy  oi  laline 
fubftances  in  this  way  ; all  of  which,  when  pioperly 
iipplied,  are  found  to  have  a confiderablc  degree  of 
power.  Dr.  13oerhaave  found,  that  both  ial-am- 
moniac  and  nitre,  when  well  dried  in  a crucible, 
and  reduced  to  fine  pow’der,  will  produce  a greater 
degree  of  cold  than  if  they  had  not  been  treated  in 
this  manner.  His  experiments  w ere  repeated  by 
Mr.  Walker,  apothecary  to  the  Radcliffe  Infirmary 
in  Oxford,  with  the  fame  refult : but  he  found,  that' 
his  thermometer  funk  32"^  by  means  of  a folution 
offal-ammoniac  ; when  Boerhaave’s,  with  the  fame, 
fell  only  28°.  Nitre  funk  it  19^.  On  mixing  the 
two  falts  together,  he  found  that  the  power  of  pro- 
ducing cold  w’as  conhderably  increafed.  By  equal 
])arts  of  thefe  falts,  he  cooled  fome  v/ater  to  22®, 
the  thermometer  (landing  at  47°  in  the  open  air. 
Adding  to  this  fome  powder  of  the  fame  kind,  and 
immerling  two  fmall  phials  in  the  mixture,  one 
containing  boiled  and  the  other  unboiled  water,  he 
foon  found  them  both  frozen,  the  unboiled  w ater 
freezing  firft* 

Themofl  remarkable  experiment,  how’cvcr,  was 
with  fpirit  of  nitre  poured  on  Glauber’s  lalt,  the 
elTcd:  of  W'hich  was  found  to  be  fimiiar  to  that  of 
the  fame  fpirit  poured  on  ice  or  lnow4  and  the  ad- 
dition of  fal-ammoniac  rendered  the  cold  flill  more 
intenfe.  The  proportions  of  thefe  ingredients  re- 
commended by  Mr.  Walker,  are  concentrated  ni- 
trous acid  tw^o  parts  by  w’eight,  w’atcr  one  part ; of 
this  mixture  cooled  to  the  temperature  i 8 ounces, 
of  Glauber’s  fait  a pound  and  an  half  avoirdupois, 
and  of  fal-ammoniac  12  ounces.  On  adding  the 
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Glauber’s  fait  to  the  nitrous  acid,  the  thermometef 
fell  from  50°  to  —1°,  or  52  degrees ; and  On  the  ad- 
dition of  the  fal-ammoniac,  to  — 9°.  Thus  Mr; 
Walker  was  able  to  freeze  quickfilvef  without  ei- 
ther ice  or  fnow,  when  the  thermometer  flood  at 
45°.  For  the  experiment  four  pans  were  procured 
of  different  fizes,  fo  that  one  might  be  put  within 
the  bther.  The  largefl  of  thefe  pans  wa;^  placed 
in  a vcffcl  flill  larger,  in  which  the  materials  for 
the  fecond  frigorihe  mixture  were  thinly  fpread  in 
order  to  be  cooled  ; the  fecond  pan,  containing  the 
liquor,  viz.  the  vitriolic  acid  properly  diluted,  was 
placed  in  the  largefl  pan  ; the  third  pan,  containing 
the  faits  for  the  third  mixture,  was  immerfed  in 
the  liquor  of  the  fecond  pan;  arid  the  liquor  for 
the  third  mixture  was  put  into  wide-mouth  phials, 
which  were  immerfed  in  the  fecond  pan  likewife, 
and  floated  round  the  third  pan ; the  fourth  pan, 
which  was  the  fmallefl  of  all,' containing  it’s  cool- 
ing materials,  w'as  placed  in  the  midfl  of  the  faits 
bf  the  third  pan.  The  materials  for  the  flrfl  and 
fecond  mixtures  conlifted  of  diluted  vitriolic  acid 
and  Glauber’s  fait ; the  third  and  fourth  of  diluted 
hitroiis  acid,  Glauber’s  faltj  and  fal-ammoniac,  in 
the  proportions  abovc-mentioried.  The  pans  being 
adjufled  in  the  manner  already  mentioned,  the  ma» 
terials  of  the  flrfl:  and  largeff  pan  were  mixed  : this 
reduced  the  thermometer  to  10°,  and  cooled  the 
liquor  in  the  fecond  pan  to  20°,  and  the  faits  for  tlie 
fecond  mixture,  wdiich  were  placed  underneath  in 
the  large  veffel,  nearly  as  much.  The  fecond  mix- 
ture was  then  made  writh  the  materials  thus  cooled, 
and^the  thermometer  w’as  reduced  to  T.  The  in- 
gredients of  the  third  mixture,  by  unmerfion  in 
this,  were  cooled  to  10°,  and  wTen  mixed,  reduced 
the  thermometer  to  — 15*’.  The  materials  for  the 
'fourth  mixture  were  cooled  by  immerfion  in  this 
third  mixture  to  about  — 1 2®.  On  mixture  they  funk 
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the  mercury  very  rapidly,  and  feemingly  below  40°, 
though  the  froth  occafioned  by  the  ebullition  of  the 
materials,  prevented  any  accurate  obfervation.  The 
reafon  why  this  laft  mixture  reduced  the  thermo- 
meter more  than  the  third,  thougli  both  were  of 
the  fame  materials,  and  the  tatter  of  a lowei  tem- 
perature, was  fuppoled  to  have  been  partly  becaufe 
the  fourth  pan  had  not  another  immeried  in  it  to 
give  it  heat,  and  partly  becaufe  the  materials  w’ere 
reduced  to  a finer  powder. 

The  experiments  were  repeated  with  many  va- 
riations; but  only  one  mixture  appeared  to  Dr. 
Beddows,  by  whom  the  account  was  communicated 
to  the  Royal  Society,  to  be  applicable  to  any  ufe- 
ful  purpofe.  This  is  oil  of  vitriol  diluted  with 
about  an  equal  quantity  ot  water;  which,  by  difTolv- 
ing  Glauber’s  fait,  produces  about  46°  of  cold, 
and  by  the  addition  of  fal-ammoniac,  becomes  more 
intenfe  by  a few  degrees.  At  one  time,  w’hen  Mr. 
Walker  was  trying  a mixture  of  two  parts  of  oil  of 
vitriol  and  one  ot  water,  he  perceived,  that  at  the 
temperature  of  35°,  the  mixture  coagulated  as  if 
frozen,  and  the  thermometer  became  ftationary ; 
but  on  adding  more  Glauber’s  fait,  * it  fell  again  in 
a fhort  time  ; but  lefs  cold  was  produced  than 
■ when  this  circumftance  did  not  occur,  and  w'hen 
the  acid  was  weaker.  The  fame  appearance  of 
coagulation  took  place  with  other  proportions  of 
acid  and  water,  and  with  other  temperatures. 

It  is  obfervable,  that  this  effect  of  Glauber’s 
fait  in  producing  cold,  took  place  only  wdien  it 
was  polfeffed  of  it’s  w^ater  of  crylfallization;  and 
thus  the  mineral  alkali  aifo  augmented  the  cold  ot 
fome  of  the  mixtures:  but  when  the  water  of  cryffal- 
lization  w^as  dilTipated,  neither  of  them  had  any 
effedl  of  this  kind. 
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An  Abstract  of  M.  de  Luc’s  View  of  GeneraL^ 
Chemistry,  deduced  from  considering  the 
Change  of  Ice  into  Water>  and  Water  into 
IcEi 


There  is  no  phenomenon  itiore  important  than 
the  change  of  ice  into  iscaier^  and  of  water  into  ice. 
Though  I have  already  coniidered  this  phenome- 
non, I fhall  here  again,  after  M.  de  Luc,  analyfe 
it  more  particularly,  in  order  to  fhew  you,  that  it 
includes  the  important  bafis  of  general  chemiftrw 
The  various  operations  of  chemiftry  may  be  re- 
duced to  the  uniting  or  J'e^par at ing  of  fubffances  : 
their  general  immediate  caufe  arifes  from  the  dif- 
ferent tendencies  of  the  particles  which  compofe 
thofe  different  fubftances : and  the  changes  which 
happen  in  thefe  phenomena  are  produced  by  the 
changes  that  the  particles  undergo  in  their  compo- 
lition.  Now*'  as  the  phenomena  of  water  and  ice 
include  all  thefe  different  kinds  of  modifications, 
they  will  furnifli  you  with  a clear  and  very  impor- 
tant idea  of  the  kind  of  change  which  is  the  fource 
of  chemical  pkenoin'enai 

Now  with  refpedt  to  ice  : i.  It’s  particles  can- 
not be  feparated  \\\t\\out2i  fenfiblc  effort.  2.  When 
broken,  the  portions  thereof,  although  brought 
within  the  fmalleft  poffible  dijlance  of  each 
other,  fhew  no  tendency  to  unite.  3.  When  frag- 
ments of  ice  are  laid  in  heaps,  the  refpeclive  ad^ 
herence  of  the  particles,  joined  to  their  refiflance 
to  motion,  makes  them  remain  in  the  fame  pofi- 
tion  in  which  they  have  been  placed i Thefe  are 
flrongly  marked  chemical  properties,  and  the  fub- 
ffance  cannot  be  deprived  of  them,  unlefs  the  par^ 
tides  undergo  an  eflential  change.  ^ 

Water,  if  you  were  only  to  judge  of  it  by 
weighty  would  be  ice  itfelf,  for  the  transformation 
is  made  without  any  difccrniblc  change  in  weighty 
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though  very  great  changes  have  taken  place  in  the 
ponderable  particles;  for,  i.  They  may  ht  feparated 
with  the  greatefl:  cafe,  their  refi (lance  to  reparation 
being  almoil  infenfible.  2.  They  have  a tendency 
towards  each  other  even  at  a feniible  diftance;  hence 
fmall  maffes,  when  free,  coalefce,  and  forma  fphe- 
rical  drop,  the  moment  they  touch ; and  this  is  not 
the  effedt  gravity ^ but  contrary  to  it.  3.  Thefc 

particles  Hide  lb  eafily  one  over  the  other,  that, 
excepting  the  above-mentioned  fmall  maffes,  they 
cannot  now  be  laid  in  heaps  \ but  yield  immedi- 
ately to  the  efforts  of  gravity,  and  always  become 
level.  Let  us  now  confidet  how'  thefe  changes  in 
the  particles  of  ice  are  accounted  for.  Phiiofo- 
phers  are  unanimous  in  allowing  that  thefe  changes 
are  occafioned  by  jire^  a fubftance  without  weight. 
The  quantity  of  this  fubflance  that  produces  this 
cffedl,  is  fufficiently  charadlerized  by  it’s  peculiar 
properties;  but  after  this  change,  thefe  properties 
are  no  longer  exercifed,  becaufe  the  particles  of 
fire  are  combined  with  thofe  of  ice,  it  is  this 
combination  that  occafions  the  chemical  changes 
jufl  deferibed.  Now^  thefe  changes  are  as  effential 
with  refpedt  to  phylical  principles,  as  any  other  in 
the  art  of  chemiflry;  ib  that  unlefs  eflablifhed 
fadls  fliould  lead  us  to  affign  a fenfible  weight  to 
other  fubhances  wTich  modify  thefe  effedls  m wa- 
ter, this  example  alone  would  authorife  us  in  con^ 
fidering  thefe  new  fubflances  as  imponderable^  or 
without  weight. 

Befides  the  above-mentioned  chemical  pheno- 
inena,  relative  to  water  and  ice,  there  is  another 
very  important  one,  which  will  ferve  as  a point  of 
comparifon.  We  find  from  thefe  phenomena  but 
one  ponderable  fubftance,  known  by  the  name  of 
water,  and  an  imponderable  fubftance  called  fire. 
Now  when  the  particles  of  water  are  in  a li^^uid 
Jiate'y  a ftatc  produced  by  their,  union  with  fire,  a 

certain 

I 


fS  Lectures  on  Natural  Philosophy. 

certain  diminution  in  the  quantity  free  fire  will 
bring  them  to  fuch  a minimum  of  diftance,  and  ar-^ 
rangement  in  pofition,  that  they  will  unite  in  a 
determined  forniy  and  quit  the  fire  which  rendered 
them  liquid  ; or  inverfely^  when  the  particles  of 
water  are  formed  into  ice,  if  the  quantity  of  free 
fire  interpofed  therein  be  fufheient  to  feparate 
them,  it  then  combines  with  thefe  particles,  and 
GonlUtutes  water ; this  may  be  called  the  fire  of  li- 
qiiifadfton. 

Now  every  attentive  philofopher  muf!:  ac- 
knowledge that  thefe  are  great  phenomena,  brought 
about  by  the  combination  of  two  fubfianccs,  one  of 
which  is  without  zveight ; and  that  thefe  pheno- 
mena are  probably  the  general  charadlers  of  a par- 
ticular clafs.  It  is  to  be  regretted  that  the  pon^ 
derahJe  fubftance,  which  is  common  both  to  water 
and  icey  has  not  a peculiar  and  appropriate  namey 
for  this  fubftance  belongs  alfo  to  aqueous  vapours. 
Mr.  de  Luc  w’as  once  inclined  to  dilfinguifli  it  by 
the  term  humor.  You  wdll,  I hope,  be  careful  to 
diftinguifh  the  cafes  in  which  I fiall  fpeak  of  water 
as  a fubfiancc  modified  neither  hg  fire y nor  by  any 
other  fubftance.  To  render  you  more  attentive  to 
this  diftindtion,  I fnall  fometimes  ufe  the  word  hu- 
mor. 

The  foregoing  analyfts  will  enable  you  more 
clearly  to  comprehend  the  nature  of  menfiruciy  a 
clafs  of  fubftances  of  which  the  knowledge  is  very 
important.  1 ftiall  coniine  myfclf  to  a few  in- 
ftances. 

The  name  of  acids  has  been  given  to  liquid 
fubftances,  which  feem  to  be  nothing  more  than 
water  joined  to  certain  imponderable  p'cWticlcs,.  Thus 
acid  liquors  are  to  be  diftinguiftied  from  the  acids 
themfelves. 

The  general  phenomena  of  acid  liquors  are  the 
affinities  cxcrcifcd  by  their  particles,  as  well 
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timongn:  thfemfelves  ds  upon  other  fubftanccs.  But 
'zvater  (conlidercd  here  as  humor)  being  united 
to  lire,  excrcifes  certain  affinities,  as  well  in  itfelf 
as  upon  other  fubftances  : other  particles,  therefore,* 
as  imp07iderahle  as  fire,  may  produce  fiich  changes 
therein  as  may  alter,  in  fome  refpedls,  it’s  natural 
nfiinilies  ; and  we  are  authorized  to  think  that  this 
is  the  cafe,  u^lefs  the  fuppofition  be  contradicted 
by  faCls. 

To  fee  this,  let  lis  examine  the  formation  of 
acid  liquids,  and  alfo  their  different  products. 
Now  when  acid  liquids  are  formed,  we  have  every 
reafon  for  fuppoling  the  prefence  of  water^  either 
in  the  folid  or  liquid  fubffiances  employed,  or  in  the 
vital  or  atmofpheric  eir,  which  on  dccompofition  is 
joined  thereto*  Thofe  who  adopt  the  hypothefis 
of  A/.  Lavoifier  may  objeCl  to  the  prefence  of  wa- 
ter in  thefe  airs  : for  in  the  combuftion  of  fulphur^ 
orphofphoi*us,&c.  theyconlider  vital  air  as  the  aci- 
difying principle,  and  the  fubffiances  as  acidifiable 
bales.  But  this  fuppofition  is  neither  neceffary  nor 
natural.  It  is  not  neceffary,  becaufe  the  phenome* 
na  may  be  as  well  explained  without  it.  If  ther« 
be  a fuffleient  quantity  of  vital  air^  all  that  wc' 
perceive  is,  the  production  of  an  acid  liquor;  i;  e. 
(according  to  our  opinion)  a quantity  of  water 
whofe  particles  are  united  to  an  acid.  Now  if  water 
is  \\\c, ponder  able  part  of  all  aeriform  fluids,  an  hypo- 
thefis which  is  fufficient  to  account  for  every  chemi- 
cal phenomenon,  and  is  the  only  one  that  accords 
with  meteorological  phenomena;  it  is  eafy  to  coni 
ceive,  that  on  the  decompofition  of  vital  air,  a quan- 
tity of  water  united  toacid  particles  maybe  liberated. 
For  example,  we  confider  fulphur  as  containing 
an  acidy  pblogijion^  fire^  watery  and  other  unknown 
ingredients,  combined  together  in  a folid  form  (of 
which  I ihall  treat  hereafter)  : that  vital  air  con- 
tains zvairr  and  fire,  which  at  a certain  decree  of 
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heat  acquire  the  power  of  uniting  wuh  phlogiJlon% 
and  thus  you  perceive,  as  far  as  it  is  pofTible  to  fee 
into  nature,  why  on  the  decompofition  of  thefe 
two  compounds  by  comLuJhony  a liquor  rcfults,  in 
which  the  particles  of  water  arc  united 'to  an  acidy 
diftingui fired  by  the  name  of  the  vitriolic. 

With  refpedt  to  the  French  hypothefis,  it 
fliould  feem,  that  every  man  would  confider  him- 
felf  as  relieved  of  a burden,  when  he  found  it  no 
longer  necelTary  to  admit  a fubilance,  which,  with- 
out being  acid  itfelf,  was  yet  the  caufe  of  acidity. 
Further,  though  acids  may  be  fuppofed  to  exiff, 
they  can  only  abl  in  liquidsy  or  expanfible  fluids. 
So  that  thefe  operations,  inftead  of  furnifhing  lis 
with  an  idea  of  acidificaiioHy  of  which  we  have  no 
conception,  leads  us  only  to  confider  thefe  acids  as 
liberated,  and  enabled  to  acl  by  their  union  with  a 
liquid. 

It  inav  therefore  be  alTertcd,  with  confidence, 
till  fomething  more  folid  is  produced,  that  the 
operations  by  which  acid  liquids  arc  formed,  con- 
fift  in  liberating  water  and  the  acid  particles  from 
their  preceding  combinations ; and  thus  to  pro- 
duce water  charged  with  certain  particles  to  wdiich 
no  voeight  can  be  alFigned,  and  w'hich  are  only  dif- 
cerned  by  their  properties  in  the  fubhances  con- 
taining them.  Now  as  foon  as  the  water  thus  mo- 
dified receives  the  fire  of  liquifadtiony  it’s  particles 
being  free  to  follow^  their  tendencies,  enter  into 
new  combinations,'  by  means  of  the  acid  particles 
from  which  it  has  received  thefe  new  faculties. 
Let  us  then  purfue  thefe  particles  in  the  excrcife 
of  their  acquired  tendencies;  and  firft  in  the  phe- 
nomena of  the  congelation  and  liquifadlion  of  the 
liquids  they  form.  ' 

The  water  of  acid  liquors  preferves  it’s  general 
faculty  of  exifting,  according  to  the  difference 
of  temperaturey  in  a folid  or  liquid  form ; but  it 
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has  undergone  two  changes,  one,  by  which  it’s  par-- 
tides  do  not  abandon  the  Jire  of  liquifadion^  but  by 
a greater  diminution  of  heat ; by  the  other,  when 
they  do  abandon  it  and  unite,  they  afTume  a dif- 
ferent arrangement.  Plere  wc’only  perceive  differ- 
ent fpecific  charadlers  of  the  fame  generical  modi- 
fication. The  particles  of  water  (humor)  whether 
alone,  or  whether  combined  with  an  acid,  can 
unite  with  the  fire  of  liquifaefion  ; but  in  the  laft 
(fate  they  preferve  it  in  a lower  degree  of  heat ; 
and  when  they  lofe  it,  iiiftead  of  grouping  them- 
fclves  like  pure  water  in  a form  in  which  their 
volume  is  increafed,  they,  on  the  contrary,  occupy 
fomewhat  lefs  room. 

By  the  experiments  of  Mr.  M’Nab,  .at  Al- 
bany, in  Hudfon’s-Bay,  we  find,  that  fpirit  of 
nitre  undergoes,  -according  to  it’s  degrees  of  aci-' 
dity^  two  kinds  of  congelation,  diftinguiihed  by 
Mr.  Cavendifli  into  the  aqueous  and  fpirituous. 
In  the  firff,  the  ice  being  produced  by  the  pure 
water,  fwims  above  the  reft  of  the  liquid ; in  the 
other  the  liquid  itfelf  freezes,  and  the  ice  thereof 
falls  to  the  bottom  of  the  part  yet  liquid.  In  the 
lad  phenomenon  the  point  of  congelation  changes 
wnth  the  degree  of  acidity,  but  is  far  from  follow- 
ing the  laws  thereof. 

Mr.  Cavendifli  had  determined  by  other  ex- 
periments, that  the  true  point  of  congelation  can- 
not be  obtained,  but  by  preferving  therein  fome 
icicles  of  a former  congelation.  It  is  thus  that  the 
points  of  congelation  in  the  following  table  were 
determined  : the  degrees  of  acidity  of  the  fpirit  of 
nitre  are  expreffed  by  the  quantity  in  weight  of 
marble  it  w'as  able  to  dilfolve,  compared  with  it’s 
own  weight.  The  thermometer  ufed  was  on  the 
fcale  of  Fahrenheit ; the  correfpondent  terms  are 
the  refults  of  experiments,  reduced  to  a regular 
feries  of  degrees  of  acidity. 
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Aqueous  Congelation. 

Degrees  of 

Point  of 

Degrees  of 

Point  of 

acidity. 

congelation.  > 

acidity. 

congelation. 

0.568  - 

45*5 

0.243  - 

— ^4.2 

0.538  - 

— 30,1 

0.210  - 

17.0 

0.50S  - 

18. 1 

/ 

0.478 

— 9.4 

0.44^  ~ 

— 4.1 

0.418  - 

2.4 

0.388 

4.2 

0.4  s - 

— 9.7 

0.32S  - 

— 17.7 

0.298 

— 27.7 

beginning  of 

0.243  - 

—44.2 

the  aqueou 

congelation. 

From  thcfe  phenomena,  anajyfed  according 
to  Mr.  de  Luc’s  theory,  it  appears,  i.ft.  That  by  a 
degree  of  acidity  =1568,  fire  may  remain  com- 
bined with  the  particles  of  water  (humor)  even 
as  low  as  — 45.5  of  Fahrenheit.  2dly,  That  as  the 
, degree  of  acidity  is  fuccelhvely  weakened,  the 
particles  of  water  acquire  the  faculty  of  uniting  at 
higher  temperatures,  and  of  quitting  the  fire  of 
liquifaclion  ; but  this  progrefs  towards  a maximum, 
which  is  at  a degree  of  acidity  nearly  a mean 
bctw^cen  the  two  terms  of  fpirituous  congelation,, 
the  acidity  is  then  418,  and  at  — 2.4  the  particles 
of  water  unite.  3dly,  The  acidity  continuing  to  be 
diminiflied  to  298,  the  particles  of  water  lofe  fuc- 
celhvely the  powder  of  ^ipproaching  wnthout  cealing 
to  be  liquid,  fo  much  lb,  that  at  this  point  fire  is 
ready  to  combine  with  them  at  22.7.  4thly,  This^ 
■lofs  of  power  relative  to  the  particles  of  water, 
continues  till  the  acidity  is  reduced  to  243,  and  at 
this  point  the  fire  of  liquifadfion  does  not  quit 
them,  but  at  the  temperature  of  — 44.2,  which 
very  nearly  correfponds  to  what  happened  at  the 
greatch  acidity  568  : but  now  a ne>y  phenomenon 
takes  place;  the  particles  of  water  being  lefs 
3 charged 
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charged  with  acidity,  again  tend  to  cryflallizc  in 
their  owti  w ay,  and  thofc  that  are  moft  favourably 
difpofed  thereto,  quit  their  acid  and  the  fire  of 
liquifadion,  and  become  common  ice.  Laftly, 
from  this  point,  the  more  the  acidity  is  diminilh- 
cd,  the  fooner  the  particles  of  w^ater  unite,  fo  that 
w hen  the  acidity  w as  only  210,  ice  (of  pure  water) 
was  formed  at  the  temperature  of  17.  Thefe 
fingular  phenomena  arc  not  peculiar  to  fpirit  of 
nitre,  they  have  been  alfo  obferved  in  fpirit  of 
vitriol,  as  may  be  perceived  by  the  refult  of  ex- 
periments formed  into  a table. 


From  hence  we  may  conclude,  that  oil  of 
vitriol  has  not  only  a ftrength  of  eafieft  freezing, 
but  even  a ftrength fuperior  to  this;  it  has  another 
point  of  a contrary  flexure,  beyond  which,  if  the 
ftrength  be  increafed,  the  cold  neceflary  to  freeze 
it  again  begins  to  diminifli.  From  the  weakeft 
degree  of  the  acid  758,  to  that  of  848,  there 
is  an  increafe  of  91°  in  the  freezing  point.  The 
acidity  increafing  to  918,  the  freezing  point  falls 
again  72°,  and  rifes  27,  when  the  acidity  be- 
comes 977. 

Now  there  are  in  thefe  phenomena  of  add 
liquors  no  fymptoms  which  fuffer  us  to  confider 
them  as  fimple  fubftances  ponderable  in  their  na- 
ture, or  as  compounds  of  two  fubftances,  the  one 
actdifiable^  the  other  acidify ing^  and  both  ponder.^ 
able.  According  to  the  firft  of  thefe  no.tions,  . in 
•which  the  acids  are  confidered  as  diffolvcd  in  water 
we  find  no  point  at  w'hich  to  flop  in  order  to  de^ 


Strength. 


Freezing  point. 


977 

918 

848 

^46 

758 


+ 1 

— 26 

+ 46 

42 

— 45 


termine 
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termine  their  proper  weight;  in  the- water  they 
are  only  perceived  by  their  cifedls,  in  other  com^ 
pounds  they  are  not  difeerned  : thus^  nothing  here 
hinders  our  conlidering  them  as  imponderable,  if 
other  circumftances  condudl  us  to  this  conclulion. 
The  fecond  notion  Teems  to  exclude  this  fuppofi- 
tion,  becaufe  a known  weight  is  attributed  to  the 
acidifiable  and  acidifying  particles ; but  the  fore- 
going experiments  deprive  this  idea  of  all  proba- 
bility ; it  cannot  explain  the  extraordinary  changes 
in  xh.Q  freezing  point,  occahoned  in  the  fame  pon-  , 
derable  fubftauce,  merely  by  the  addition  of  more 
or  Lefs  water. 

But  to  be  more  particular,  when  the  ponder- 
able part  of  vital  air  is  employed  as  an  acidifying 
principle  to  produce  an  acid,  is  it  a liquid,  a fub- 
Hance  by  it’s  nature  capable  of  being  frozen  and 
liquified  P Here  the  advocates  for  this  theory  leave 
us  in  the  dark  ; we  call  in  vain  for  .explanation. 
If  the  ponderable  psiYt  of  vital  air,  by  being  joined 
to  the  ponderable  part  of  inflammable  air,  produces 
water,  can  it  in  the  fame  operation,  the  com- 
buhion  of  fulphur  ior  inftance,  produce  an  acidP 
Here  alfo  we  receive  no  explanation.  If  in  the 
combuflion  of  fulphur,  part  of  the  vital  air  is  ufed 
to  form  an  acid,  part  w ith  inflammable  air  to  pro- 
duce w-ater,  what  is  the  ratio  of  the  tw^o  portions? 
By  what  means  fhall  we  diftinguifh  them  ? What  is 
the  acidifiable  fubfance  in  fulphur,  difind  from 
inflammable  air  F The  partizans  of  the  French 
theory  are  obdurate,  and  will  afford  us  no  explana- 
tion. If,  inftead  of  this  obfeure  theory,  you  con- 
lider  the  water  formed  by  the  tw'o  airs  to  be  united 
to  an  acid,  the  whole  is  readily  explained,  and  the 
double  flexure  of  the  freezing  point  eafily  un- 
derffood. 

Prom  the  cryflallization  of  pure  water,  we 
icarn,  that  it’s  fimple  particles  are  of  a certain 

form, 
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fj)rm,  and  that  they  tend  towards  each  other  by 
certain  determined  fidcs.  Now  the  different  com- 
binations of  the  acid  with  the  particles  of  water 
may  change  the  tendency  of  thefe  to  colled:  them- 
felves  together,  anci  occafion  the  above  deferibed 
flexures:  how  this  iseffeded,  might eafily  be  diewn 
by  geometry,  though  it  cannot  be  rendered  a fub- 
jed:  for  thefe  Ledures. 

It  does  not  appear  that  the  difference  in  fpe- 
cific  gravity  between  acid  lic|uors  and  water  is 
owing  to  any  ponderable  fubffance  added  to  the 
water ; but  rather  to  this,  that  the  particles  of 
water  are  joined  to  an  imponderable  fubdance,  by 
whofe  means  they  may  be  brought  nearer  to  each 
other  without  quitting  the  fire  of  liquifadion. 
Now  all  the  preceding  phenomena  confirm  this 
theory  ; for  they  prove  in  general,  that  the  par- 
ticles of  acid  liquors  may  be  brought  much  clofer 
together  than  thofe  of  wafer,  without  lofing  the 
fire  of  liquifadion  ; and  you  wdll  prcfently  fee,  by 
a very  clear  cxarnplcj  that  the  caufes  which  in- 
fluence the  freezing  pointy  extend  their  eflbd  to 
the  general  ftate  of  liquids.  I fhall  firfl:,  however, 
mention  another  phenomenon,  which  furnifiies  a 
dired  proof  of  the  fuppofition  before  us. 

If  you  mix  pure  water  with  an  acid  liquor, 
the  fpecific  gravity  of  the  mixture  is  greater  than 
the  mean  of  the  fpecific  gravities  of  the  ingre- 
dients : a clear  proof  that  the  acidity  caufes" the 
particles  of  water  to  approach,  following  an  i.n- 
creafing  law"  therein ; becaufe  the  mean  approach 
of  the  particles  is  greater  than  the  mean  acidity  of 
the  united  malfes.  This  is  alfo  confirmed  by  a 
fimultaneoLis  effed,  that  is,  the  fudden  efied  of  the 
prelfure  on  the  free  fire  of  the  mafs,  which  aug- 
ments the  heat  thereof ; as  a bar  of  iron  is  heated 
by  forging.  The  preceding  remarks  on  acid 
liquors  apply  fo  naturally  to  alkaline  liquors  that 
VoL.  II.  F ’ 
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it  will  be  unneceffary  to  mention  them  here.  In 
neither  is  there  any  thing  which  leads  us  to  think, 
that  the  ditference  of  acid  and  alkaline  liquors 
from  pure  water  depends  on  ponderable  particles. 

From  the  union  of  acid  and  alkaline  liquors 
refult  f aline  liquidSy  from  which  afterwards  by  fim- 
pie  evaporation  we  obtain  neutral  falts,  that  is,  folids 
of  a certain  form,  which  do  not  receive  the  fire  of 
liquifadlion  at  the  temperature  of  the  atmofphere, 
unlefs  we  refiore  to  the  fait  the  water  that  was 
evaporated  from  it.  Now  if  acid  and  alkaline 
liquids  are  nothing  but  water  modified  by  certain 
dilfercnt  particles,  their  folid  products  Ihould  be 
nothing  more  than  water  itfelf,  modified  by  the 
union  of  thefe  particles ; and  this  the  water  of  cryf- 
tallization  diredly  authorizes  us  to  conclude,  Let 
us  then  confider  this  phenomenon  further.  In 
fome  JaltSy  after  the  water  of  cryfiallization  is 
evaporated,  the  remaining  mafs  js  no  longer  capa^ 
ble  of  being  liquified  without  an  addition  of  water; 
in  others,  the  mafs  may  be  liquified  alone,  by  a 
great  degree  of  heat.  Now  here,  we  only  fee  the 
modifications  of  the  general  phenomena  of  this 
clafs ; nameJy,  different  combinations  of  the  par^ 
ticks  of  water  wdth  certain  other  particles,  which 
changes  confiderably  their  faculty  of  receiving  the 
fire  of  iiquifadlion ; and  we  even  fee,  thefe  combi- 
nations of  w’ater  may  be  Tuch,  that  iFs  particles 
■refufe  to  receive  the  fire  of  liquifadlion,  in  fome 
cafes  without  a great  degree  of  heat ; but  even 
abfolutely  in  other  cafes. 

If,  after  /alts  have  been  reduced  by  evapora- 
tion to  a refractory  ftatCy  the  water  which  was 
evaporated  be  reffored  with  a final]  addition,  tlie 
molecufes  of  water,  which  form  the  fenfible  mafj 
of  the  mixture,  re-acquire  the  fire  of  liquifaefion  at 
the  temperature  of  the  atmofphere,  and  we  obtain 
f aline  liquids 
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Dr.  Blagden,  in  his  paper  on  congelation,  has 
(hewn,  that  ail  liquids,' fufeeptibie  of  being  frozen, 
would,  like  w’atcr,  bear  to  be  cooled  fevcral  de- 
grees  below'  the  freezing  point  without  congealing. 
’Under  the  fame  circumflanccs  acid,  alkaline,  and 
faline  liquors,  have  the  fame  property ; a further 
proof  that  they  are  the  fapie  fubitance  differently 
modified. 

l^aline  liquors  quit  the  fire  of  liquifadlipn 
fooncr  than  pure  w’ater;  but  attended  with  another 
c ire  urn  fiance,  fiill  confirming  the  idea  of  their 
being  a modification  of  w'ater.  When  acid  and 
^ka.line  liquors  freeze,  the  particles  of  w'ater 
itheiein  are  fo  arrange^  as  not  to  occupy  a greater 
fpace,  which  ypu  have  feen  was  the  cafe  .>vith  pure 
water;  but  this  pri^perty  appears  ^gain  in  their 
corupoand  faline  liquids. 

Thus  when  the  particles  of  acids  and  aikalips 
feparatcly  modify  the  poleculcs  of  watey,  the  mo- 
ment that  thefe  iofe  tliG*fire  pf  Jiquifadion,  they 
^,re  grouped  into  folids^  w'hich  bccupy  lefs  fpace 
^han  was  before  occupied  by  the  molecules  w'hicjx 
cornpofe  them ; but  if  the  particles  of  w'ater  are 
modified  fiy  jthofe  of  an  acid  and  alkali,  they  ar- 
range thernfdves  as  if  it  w'ere  pure,  but  only  flower, 
exhibiting  only  varieties  in  fhe  modification  of  the 
fame  fubfiance.  0//^  probably,  nothing  more 
than  water  modified  by  fmpp;}derable  fqbfiances, 
anpng  which  we  are  to  reckon  phlogiftoni^ 

There  is  no  phenomenon  of  acid,  alkaline,  and 
faline  liquids,  which  can  lead  us  tpaflign  a dirfeerni- 
ble  w'eight  to  any  other  particles'  but  thpfe  of  pure 
^ater.  ' “ 

In  all  thefe  phenomena  w'e  onJy  perceive  the 
developcment  of  an  ancient  prinoipie  of  chemifiry, 
that  no  Jiibftance  can  aH:  chemically unl'ef s it  ' he  dif^ 
jolved  ; for ‘ip  order  that  the  parti'e/es  of  any  Tub- 
■fence  rnay  oBcy-it’s  refpedfive  tendencies,  they  mufi 
have  liberty  to  mov’c,  and  this  they  can  only  have  in 

' ^ 2 ” liquids 
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liquids  and  expanlible  fluids.  The  particles  of 
w ater,  from  their  faculty  of  being  united  with  Are, 
are  llifceptible  of  liquidity,  and  when  in  this  flate, 
can  obey  cither  their  natural  tendencies,  or  thofe 
they  may  have  acquired  by  combination.  It  is 
thus  that  water  becomes  the  univerjal  meriliruum  ; 
that  is,  by  it  alone  all  other  menflrua  exifl,  be- 
caui'c  it’s  particles  will  acquire  as  many  various 
tendencies,  as  there  are  fpecies  of  fubtil  particles 
to  unite  therewith,  cither  feparately  or  conjointly. 
Among  the  changes  in  tendency,  w hich  take  place 
in  the  particles  of  water,  there  is  a clafs  of  great 
importance  in  the  operations  of  nature;  namely, 
that  wdiich  relates  to  their  diflerent  aptitude  of  re- 
ceiving, and  of  retaining  the  fire  of  liquifadtion  ; 
from  whence,  beiides  diflerent  liquid  flates,  they 
are  capable  of  aifuming  a great  variety  in  a folid 
form,  the  folidity  depending  principally  on  this, 
that  the  particles  are  not  capable  of  being  united 
with  the  Are  of  liquifaclion,  but  at  a certain  tem- 
perature, or  by  the  addition  of  certain  ingre- 
dients. Sails  are,  hitherto,  the  only  folids  we 
have  confidcredas  produced  by  water;  wflth  refpeht 
to  thefe,  pure  water,  wdicther  liquid,  or  as  ice,  is 
a ffiiXy  by  means  of  wTich  they  are  fufible  at  the 
temperature  of  the  atmofphere,  nay  even  at  a low 
temperature  ; but  conducted  by  analogy,  we  may 
proceed  .tbrther  in  the  abftracl  analyfis  of  folids. 

When  voLi  confidcrali  the  folids  on  the  furfacc 
of  our  globe,  as  well  organized  bodies,  as  natural 
fofliis,  and  examine  the  certain  and  uncertain  refults 
of  our  analyfes,  you  will  not  be  able  to  trace  in  thefe 
bodies  anv  fiibflanccs  ponderable  in  themfelvcs,. 
but  water  and  elementary  earths,  taking  the  term, 
elementary  earth,  in  a general  fenfe.  Among  the 
fubflances,  which  arc  not  difcernible  by  their 
weight,  we  have  light,  jive,  elebiricity,  acids,  al- 
kalies, phlogijion,  and  the  peculiar  particles  of  cer- 
tain 
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tain  airs.  Every  tcrrcftrial  phenomenon  feems  to 
announce  other  imponderable  lubEances;  and  from 
Jicnce  you  may  conceive  how  many  caufes  ol  tins 
ejafs  are  concealed  trom  us  by  our  ignorance. 

Such  then  arc  the  fubhariccs  by  tv  liic  h the 


immcciiate  phyfical  caufes  produce  the  jdienomena 
of  our  globe  ; the  ponderable  fubilanccs  are  water 
(humor)  and  earths  ; the  remaining  terrehrial  fub- 
ilanccs conlilt  only  of  particles  of  different  clafles, 
but  of  fuch  fubtilty,  that  whatever  be  their  quantity 
in  the  mafles  that  we  their  zveigbt  has  hitherto 

efcaped.  Water  will  unite  with  all  thefe  particles^ 
hut  at  different  degrees,  and  acquires  by  the  union 
different  affinities,  from  whence  immediately  re- 
fill t various  liquicls,  cxpanfible  fluids,  and  fome 
folids,  which  arc  fuliblc  at  different  temperatures 
of  the  atmofphcre,  cither  immediately,  or  with 
water  for  their  flux.  By  thefe  combinations  in 
different  Bates  with  the  earths,  folids  are  produced, 
on  which  thefe  means'  of  liquifacBion  have  no 
power.  All  thefe  combinations  can  only  take 
place  in  liquid  water,  in  which  they  have  an  op- 
portunity of  excrcifing  their  affinities : and  when 
folids  arc  formed  therein,  it  is  in  certain  cafes, 
by  the  addition  of  fome  fubflanccs,  and  the  limulta- 
neous  emifhon  of  fome  cxpanfible  fluids.  Thefe 
folids  are  no  longer  folviblc  in  the  remaining  fluid, 
and  in  order  that  it  may  diffiolve  them,  they  muff 
be  deprived  of  their  additional  fubflanccs,  and 
their  cxpanfible  fluids  muB  be  reBored  to  them. 
Now  with  rcfpedl  to  the  greater  part  of  the  folids 
of  our  globe,  as  well  thofe  which  were  formerly 
formed  on  it’s  furface,  as  thofe  which  are  daily 
forming  there,  thefe  combinations  are  the  great 
fee  ret  of  nature. 

The  preceding  analyfis  dcvelopcs  this  an- 
cient principle  of  chemiBry,  that  jive  is  the  a'cent 
of  all  dijjolution.  This  propolition  is  true,  but  only 

V 3 mediately; 
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mediately;  for  Hghti^  the  firfl agent  of  every  che- 
mical operation.  By  light'  Mmttd  to  fome  fub- 
fiance  hitherto  undetermined,  fre  receives  it’s 
exigence;  By  fire  the  particles  of  water  (humor) 
receive  their  liquidity,  that  is,  the  power  of  obey- 
ing, although  contiguous  to  each  othCtj  not  only 
their  own  tendencies,  but  thofe  they  acquire  by  the 
addition  of  other  particles.  By  thefe  additions  the 
particles  of  wdter  are  inore  Or  lefs  difpofed  to  re- 
tain or  to  receive  the  fire  of  liquifaeftion. 

Marine  fait  may  be  conlidered  as  a refradlory 
folid,  and  common  ice  as  a fuiible  fblid.  ^thbfe 
two  folids  being  mixed  above  a certain  tempera- 
ture, have  the  power  of  feizing  in  common  the 
fire  of  liquifadlion  at  all  points  where  they  touch. 
This  is  the  general  principle  of  other  fufions  by 
fluxes.  For  experiment  teaches  us^  that  certain  fo- 
^ lids  being  mixed  can  receive  the  fire  of  liquifadlion, 
whence  the  affinities  of  their  ingredients  have  an 
opportunity  of  adling.  Experiment  has  alfolhewn^ 
that  in  order  that  they  may  receive  more  eafily  the 
fire  of  liquifadlion,  or  that  in  their  coinmon  liqui- 
faclion,  the  folids  defigned  to  be  produced  may 
be  formed’,  of  even  feparate  theinfelves  by  a dif- 
ference in  fpecific  gravity,  they  mull:  be  deprived 
of  certain  Ingredients.  Now  here  again  fire  cofnes 
in  to  our  aid  j by  it’s  agency,  and  that  of  atmofpheric 
air,  certain  expailfible  fluids  are  formed,  others  are 
abforbed,  and  the  folids  thus  torrified  are  ready  to  go 
into  the  furnace^  and  receive  the  fire  of  liquifadlion. 

On  Water  in  a State  of  VApouRi 

Though  Ihave  explained  in  my  lie'dlures  on  fire 
the  more  particular  phenomena  thdt  take  pjace  in 
the  pafiage  of  water  into  vapotir,  I have  alio  fliewn 
you,  that  water  heated  to  212°,  when  the  barometer 
is  29|,  flies  off  in  vapour,  and  becomes  an  elaftic 
fluid,  at  leafl  800  times  more  rare  than  air.  This 
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tUftic  fluid  or  fleam  is  the  mofl  powerful  agent 
that  can  be  applied  to  working  of  engines,  wjhere 
great  mechanical  power  is  required.  Ihis  fubject 
being  thereby  rendered  ol  the  greatefl  importance 
to  arts  and  manufadtures,  you  will  not,  I hope, 
think  your  time  mifapplicd  in  reconfldering  the 
nature  of  this  wonderful  agent  ; the  more  as  it 
will  in  fomc  refpedls  be  exhibited  under  a difler- 
ent  point  of  view,  and  with  fomc  circumflanccs 
which  we  did  not  before  attend  to. 

The  quantity  of  fire  neceflary  to  turn  water 
into  fleam  is  immenfely  great,  as  you  may  eafily 
convince  yourfclvcs  from  the  operation  of  a com- 
mon flill,  by  obferving  the  vafl  heat  received  by 
the  water  in  the  worm-tub  ufed  to  condenfe  the 
vapour.  You  may  flrengthen  this  idea  by  confldei- 
ing,  that  if  a veflel  of  water  be  placed  on  a good 
fire,  and  that  though  you  increafe  the  power  of 
this  fire  to  the  higheft  degree  capable  by  human 
art,  yet  you  cannot  raife  the  temperature  of  the 
water  above  the  boiling  j>oint.  Now  what  can 
become  of  the  vafl  acoeflion  of  fire  which  the 
water  in  the  veflel  is  conflantly  receiving,  it  goes 
off  wdth  the  fleam  raifed  from  the  water,  and  may 
be  again  obtained  from  k by  condenflng  the  va- 
pour. if  you  prevent  the  fleam  from  flying  ofl; 
as  in  Papin’s  digeflet.,  it  w'ill  retain  the  heat  k 
has  acq’uircd  from  the  fire ; where  the  confined  wa- 
ter will  be  found  fo  hot  as  even  to  diflblve  bones, 
and  to  produce  fuch  eflcdls  as  I have  already  dc- 
feribed  to  you.  Yet  this  fire,  when  combined 
with  the  vapour,  is  as  it  were  neutralized  and 
rendered  with  refpe6l  to  external  objedfs'  quies- 
cent. 

To  eflimate  the  cxpanfivc  force  of  water 
reduced  into  vapour,  I know  no  inflrument  fo 
convenient  as  that  of  Mr.  le  Chevalier  dc  Bettan- 
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court.'*  It  confifis  of  a velTc!  A placed  upon  a cha- 
fing difli  B,  having  one  opening  at  top,  to  which  a 
curved  barometer  is  adapted,  and  another  to  which 
a thermometer  is  filled,  and  a third  with  a cock; 
thefe  are,  you  fee,  fo  difpofed,  that  when  the  cock 
is  fluit  there  is  no  communication  between  the 
interior  fpace  and  the  exterior  air. 

When  the  cock  is  open,  and  the  vrater  is  not 
heated,  the  mercury  will,  of  courfe,  be  at  an  equal 
height  in  each  of  the  branches  m,  m.  If  the  air  be 
then  exhaufled  from  the  large  veffel  A,  and  the  cock 
be  fliut,  the  mercury  will  rife  from  m to  k in  one 
branch,  and  defeend  from  m to  k in  the  other;  fo 
that  the  water  being  fuppofed  to  be  at  the  freezing 
point,  the  difference  between  k and  k will  be  28 
inches. 

Let  the  water  be  heated  rapidly,  and  you  will 
perceive  the  firll  figns  of  ebullition  by  it’s  flriking 
againfl:  the  veffel,  which  it  will  do  with  fo  much 
force  as  to  fltake  the  whole  apparatus  ; at  the  fame 
time  the  mercury  in  the  thermiometer  will  rife, 
and  that  in  the  barometer  will  fall  ; and  when  the 
mercury  is  at  the  fame  height  in  each  leg  of  the 
fyphon,  the  thermometer  will  be  at  212^’,  the 
preffure  of  the  fleam  at  this  temperature  being  an 
cxa(^f  coLinterballance  to  the  weight  of  the  atmo- 
fphere.  If  you  now^  increafe  the  heat  of  the  water, 
the  mercury  will  rife  in  the  branch  on  w’hich  the 
air  preffes,  and  defeend  in  the  other;  the  differ- 
ence will  depend  on  the  temperature  of  the  water, 
or  increafed  expanfive  force  of  the  Beam.  If  you 
add  to  this  difference  in  the  two  columns  of  mer- 
cury, the  height  of  the  mercury  in  a common  ba- 
ro^neten,  their  fum  wall  exprefs  the  height  of  a 

column 

* See  fig.  1 1,  of  pi.  6.  vol.  i.  I li.ivc  before  obferved,  that  the 
LcBurcs  on  water  were  originally  dejigned  to  make  a part  oftlic 
hill  volume. 
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column  of  mercury,  reprefenting  the  expanlivc 
force  of  the  fleam.  The  ditlerence  m the  level 
muft  be  iifed  pofitivcly  or  negatively,  according 
as  the  thermometer  is  above,  or  under  212. 

There  is  no  occalion  for  two  barometers;  if 
the  open  end  of  this  was  fealed,  it  might  then  be 
filled  like  a fyphon  barometer. 

With  this  apparatus  Mr.  Bettancourt  made  a 
variety  of  experiments,  the  refults  of  which  arc 
given  in  the  lollowing  table : 

TABLE. 


Degrees  of  Reaumur’s  thermometer.  Ex^ianfive  force, 

O 0.00 

I o o.  1 5 

■20  ' 0.65 

30  1.52 

40  2.92 

5°  S-35 

60  9.95 

14*50 

70  16.90 

86  28.00 

90  46.40 

95  57*^0 

100  71.80 

104  84.00 

no  98.00 


When  vapour  is  expofed  to  a great  heat,  it’s 
bulk,  as  you  have  feen,  is  confidcrably  augmented; 
at  2 12'^  water  is  only  rarified  to  26;  but  with  the 
fame  degree  of  heat  vapour  is  expanded  to  13  or 
14000  times  the  volume  which  it  occupied  as 
water.  Of  this  you  may  eafily  alfure  yourfelves, 
by  taking  a glafs  tube  with  a ball  at  the  end  there- 
of 2 inches  diameter;  let  a drop  of  water  pafs 
into  the  ball  of  one  line  diameter;  the  folidity  of 
thefe  two  fphcrcs  will  be  to  cac'h  other  as  13824 
3 to 
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to  I.  Heat  the  ball  fo  as  to  convert  the  water 
into  vapour,  and  it  will  fill  the  whole  fphere,  and 
force  the  air  out  of  the  ball,  as  you  wdll  find  by 
immerging  the  end  of  the  tube  in  water,  a little 
w’arm,  left  the  fuddcn  application  of  cold  ftiould 
burft  the  ball ; and  in  proportion  as  the  vapour  is 
tondenfed  by  cold,  the  prcffure  of  the  atmofphere 
will  force  the  water  into  the  ball  fo  as  to  fill  it  en- 
tirely ; proving  thereby  that  the  vapour  had  forced 
the  air  out  of  it,  had  aftumed  a bulk  near  14000 
times  larger  than  it  occupied  as  water. 

It  is  impoftible  to  give  yc)il  an  accurate  idea 
bf  a fteam-engine  without  a modeh  I fhall  there- 
fore content  myfelf  in  this  place  \)vith  laying  be-^- 
fore  you  a few’  of  the  general  principles  on  which- 
it  acTts.  It  has  been  fhewn  you  in  the  Lecftures  on 
air,  that  the  prefiiire  of  the  atmofphere,  at  a mean, 
may  be  eftimated  at  14.8  pounds  avoirdupoife  for 
tvery  fquare  inch. 

If  therefore  a vacuum  be  by  iny  mearts  made 
in  a cylinder,  which  is  furnifhed  with  a moveable 
pifton,  fufpended  atone  end  of  a lever,  or  ballance 
beam,  the.  prelfure  of  the  atmofphere  will  prefs 
down  the  pifton  with  a force  proportionable  to 
the  area  of  the  furface,  and  wdll  raife  an  equal 
'weight  at  the  other  end  of  the  beam. 

Water,  as  you  have  feen,  rtiay  be  rarified  near 
1 4000  times,  and  was  capable  of  forming  a va- 
cuum by  a degree  of  heat  capable  of  keeping 
W’ater  in  a boiling  ftate : by  incrcafing  the  heat 
you  have  alfo  feen,  that  the  expanlive  force  of  the 
‘fteam  may  be  rendered  much  ftronger.  The  fteam 
may  be  condenfed  or  i educed  to  water  by  a jet  of 
cold  water  difperfed  among  it,  fo  that  14000  cubic 
inches  of  fteam  may  be  reduced  into  one  cubic 
inch  of  w'ater  only,  and  thus  a vacuum  is  partly 
obtained. 

Though  the  prefTure  of  the  atmofphere  be 
about  I4tV  pounds  upon  every  fquare  inch,  yet  on 

account 
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Account  of  the  pi  (ion  of  the  fever*!  parts,  of  the 
imperfeefiion  of  the  vacuum,  the  piiion  in  the 
common  engines  does  not  defeend  with  a force  ex- 
ceeding ^ or  9 pounds  upon  every  fquare  inch  of 
it’s  furface.  In  Mr.  Watt’s  improved  engine,  are 
tibout  12  pounds  and  a half  upon  every  fqiiar^ 
inch. 

The  piflon  being  prefTcd  by  the  atmofphere 
with  a force  proportionable  to  it’s  area  in  inches^ 
multiplied  by  about  8 or  9 pounds,  depreffes  that 
end  of  the  lever,  and  raifes  d colutnn  of  water  iri 
the  pumps  dt  the  other  end  of  the  beam  equal  td 
that  weight.  When  the  (icam  is  again  admitted; 
the  pifion  is  forced  up  by  it’s  expand ve  power; 
and  the  pump  rods  fink;  but  when  the  fleam  is 
condenfed,  the  pifion  defcehds,  and  the  pump  rodd 
Hfe ; and  fo  alteriidtely  ds  long  as  the  engine  works. 

Mr.  DE  Luc’s  Thoughts  on  the  State  of  Aque- 
ous Vapour  in  'tHE  Atmosphere  and  Laws  of 
Evaporation. 

As  no  perfon  has  paid  fo  much  attention  td 
meteorology  and  the  branches  of  philofophvrelating 
thereto,  as  Mlr.deLlic,  I fhould  not  think  I had  given 
you  an  accurate  idea  of  this  fubjed:  without  laying 
before  you  the  refultofhis  experiments  and  obferva- 
tions ; and  I may  venture  to  affert,  that  you  will 
make  very  little  prdgrefs  in  this  part  of 'philcfo- 
phy,  iinlefs  you  are  mafler  of  his  principles. 

, Mn  de  Luc’s  notions  concerning  rain  were 
firft  changed  from  an  obfervation  on  the  glaciev 
de  Biiety  of  a degree  of  drynejs  in  the  aivy  abfo^ 
lutely  unknown  in  the  valley  at  the  fame  tempera- 
ture. This  obfervation,  followed  by  others,  led  him 
finally  to  conclude,  that  rain  does  not  proceed 
from  the  jnotfture" exided  in  the  atmof:here 
prior  to  the  formation  of  the  rainy  clouds d*  ^ 

By  experiments  with  bis  hygrometer  he  has 
fhewn,  that  ak  may  be  entirely  deprived  of  the 

immedtaie 
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immediate  pro dtt cl  of  evaporation the  conrequence 
of  which  is  ahfoliile  dvyncfs.  1 he  fame  infirinnent 
lliews,  that  this  produd:  of  evaporation  has  a niaxi- 
miiviy  variable  with  the  temperature,  but  conftant 
under  the  fame  temperature.  The  hygrometer  is 
fixed  by  thefe  two  hates  of  air  ; no  method  of  ^rv- 
ing  or  of  moihening  make  it  pafs  bevond  thefe 
boundaries,  which  thus  become  the  extremes  of  a 
icale,  referring  to  a total  ceffation  or  maximunvbf 
moiflurc. 

In  the  fame  hands  the  hygrometer  has  ferved 
to  fix  our  ideas  of  the  caufc  by  which  water  limply 
evaporated  in  air  may  be  precipitated.  Thcle 
caufes  are  the  fame  w’ith  thofe,  which  in  air,  where 
the  quantity  of  water  evaporated  does  not  change, 
4>ccalion  an  auermentation  of  humidity,  the  neccf- 
fary  forerunner  of  the  precipitation  of  water.  Expe- 
rience points  out  two,  and  only  two,  the  condo fon 
of  air,  or  it’s  being  cooled.  Some  philbfophers  have 
thought  that  humidity  was  increafed  by  rarifying 
the  air;  forming  their  opinion  from  thofe  experi- 
ments, where  the  air  in  a receiver,  on  being  rari- 
lied,  produced  a mifl  or  fog.  Meff.  Wilcke,  Nairnc, 
and  de  SaufTure  have  Ihewn,  that  if  care  be  taken  to 
exclude  from  the  apparatus  every  frcfli  fource  of 
evaporation,  the  rarifaction  of  air  promotes  drynefs. 
I'hc  phenomena,  on  which  the  contrary  hypothcfis 
is  founded,  arife  from  ivatcr  left  in  the  apparatus, 
and  the  milt  is  produced  by  the  acceleration  of 
evaporation  in  the  rarihed  air,  and  the  inflantane- 
ous  cooling  of  the  fpace  containing  the  air.  The 
water  which  evaporates,  preferving  fenlibly  the 
fame  heat  which  adted  on  it  before,  fills  the  re- 
ceiver with  vapours  more  denfc  than  the  maxi- 
mum relative  to  the  momentary  diminution  of  tem- 
perature, confequently  they  precipitate  themfeives 
fuddenly.  Thus  this  theory  correfponds  with  the 
phenomena  of  the  precipitation  of  water  by  the  ra- 
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ritadlion  of  air,  \^hich  is  unaccountable  on  the 
fuppofition  of  the  difiblutionof  water  by  air  : for  in 
the  latter  hypothefis  the  particles  of  waterare  united 
by  affinily  to  the  particles  of  air.  But  neither  the 
theory  of  ajfinities,  nor  any  fabl  concerning  them, 
authorizes  us  to  believe,  that  two  fubftances  thus 
united,  fhould  acquire  a tendency  to  feparate,  be- 
caufe  the  particles  of  the  mixture  were  removed  to 
a greater  didance  from  each  other;  a circumdance, 
which,  as  it  ledens  their  tendency  to  each  other, 
ought  to  give  them  a better  opportunity  for  exer- 
cidng  their  affinity  to  water. 

Humidity  cannot  therefore  be  increafed  by 
this  caufe,  dnee  the  augmentation  of  humidity 
would  be  a dgn  that  water  was  feparating  itfelf 
more  efbcacioudy  from  the  particles  of  air.  Now- 
in  Mr.  de  Luc’s  theory,  when  an  aqueous  duid 
mixed  with  air  produces  moidure  therein,  this 
moidurc  mud  be  diminidied  by  rarifying  the  air. 
And  this  is  really  the  cafe,  for  there  is  lefs  water  in 
the  receiver  after  a portion  of  the  vapour  has  been 
pumped  therefrom.  The  temperature  is  foon  alfo 
re-edablidied  by  the  fire,  which  pafies  through  the 
receiver,  to  fupply  the  place  of  that  which  was  car- 
ried away  with  the  vapour. 

Rarifying  the  air,  when  the  quantity  of  eva- 
porated water  remains  the  fame,  is  therefore  a 
caufe  of  dryuefs,  indead  of  humidity.  Now  with 
refped  to  the  other  caufe  of  an  increafe  of  moif- 
turc,  the  condenfation  of  the  air,  it  cannot  be  fup- 
pofed  in  the  atmofphere  ; there  remains  therefore 
but  one  caufe  by  which  we  can  account  for  the  pre- 
cipitation of  water  which  is  evaporated  in  open 
air,  namely  cold ; and  from  time  immemorial  thofe 
who  have  endeavoured  to  explain  rain  by  this  caufe, 
have  had  recourfe  to  drata  of  air  in  motion,  which 
were  more  or  lefs  warm  than  thofe  they  met ; but 
this  explanation  is  alfo  chimerical. 


When, 
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When,  in  a given  mafs  of  air,  the  eyaporatec| 
water  is  at  it’s  maximum  in  a given  temperature; 
if  the  heat  be  increafed,  the  particles  feparate  fur- 
ther, and  the  air  will  contain  more  water.  If  the 
particles  are, brought  nearer  together,  the  watef 
i'upcrabounds,  and  the  excels  is  precipitated.  Thefe 
fadls  are  certain.  Now  Let  us  fuppofc  two  ft  rata  of 
air  of  different  temperature  meeting  each  other, 
each  of  them  containing  evaporated  water  at  it’s 
maximum  for  the  refpedlive’  temperatures  ; the 
warmeff  ftratum  will  lofe  it’s  heat,  and  confe- 
quentjy  it’s  fuperabundant  w^ater;  but  the  other 
ffratum  wil}  acquire  this  heat,  and  be  therefore  ca- 
pable of  receiving  this  fuperabundant  w^ater. 

When  Mr.  de  Luc  and  his  brother  were  at 
the  bottom  of  the  glacier  de  Biiet  in  1770,  it  had 
rained  for  fome  time,  the  valley  and  neighbouring 
mountains  were  imbibed  with  water.  There  was 
alfo  a very  great  evaporation  from  the  ground  of 
thefe  rnountains,  which  was  increafed  by  the  quan- 
tity of  melting  ice.  They  however  experienced  a 
degree  of  drynefs  unkijown  at  the  faaie  tempera- 
ture upon  the  plains.  Two  years  after,  returning 
to  the  famp  place  with  an  hygpme,ter^  they  found 
that  the  humidity  diminifhed  as  tliey  rofe,  and 
when  they  arrived  at  the  fumrnit  where  the  ice  was 
beginning  to  melt,  they  found  that  fame  extraor- 
dinary drynefs  which  had  fo  much  ftruck  thc.m  on 
their  firft  vifft. 

While  they  were  upon  the  glacier,  dry  as  it 
Teemed  to  be,  fonie  clouds  began  to  form  in  the 
ffratum  where  they  were  fftuated ; they  rolled  firft 
about  the  pipuntain,  but  they  foon  were  formed 
throughout  the  whole  ftratum,  extending  to  a great 
diftance  towards  the  plains,  and  increafing ‘^ith 
fuch  rapidity,  that  Mr.  de ' Luc  and  his  brother 
thought  it  prudent  to  defeend ; the  hygrometer 
ftill  advanced  towards  drynefs.  Soon  after  their 
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departure  from  the  glacier ^ it  was  covered  wicti 
pioiids,  and  before  they  had  attained  their  lodging 
there  was  a heavy  rain  from  the  very  Ifratum, 
which  a little  before  was  fo  exceeding  dry\  the  rain 
continued  during  the  whole  nighty  and  part  of  the 
fiext  day. 

Mr.  de  SaufTure  has  confirmed  thefe  obferva- 
tions  of  Mr.  de  Luc  by  many  more,  which  all  tend 
to  prove  the  great  drynefs  of  the  atmofphere  in 
thefe  fyperior  region^. 

The  water  which  is  at  the  lower  part  of  the 
atmofphere  is  continually  evaporating  and  rifing  in 
the  air,  but  this  evaporation  does  not  increafe  the 
moifture  therein ; for  in  a dry  feafon  it  goes  on 
diminifiling,  the  ground  at  lad  becomes  dry,  the 
vapours  difeontinue,  and  the  dew  ceafes  every 
where  but  near  water.  This  phenomenon  does  q.ot 
however  appear  fiirprizing  to  thofe  who  imagine, 
that  the  evaporated  water  is  colledled  in  the  higher 
regions,  where  the  clouds  are  forpaed.  But  this  ide^ 
rniifi:  be  abandoned,  for  >ve  now  know,  that  in 
rene  weather^  before  the  clouds  are  forinedy  ^nd  even 
among  the  clouds ^ the  upper  regions  are  at  leaft  as  drv 
as  the  lower  part  cf  the  atmofphere ^ in  iVs  greatejt 
degree  of  drynefs ^ fit  the  ffime  temperature,  Thefe 
clouds  are  not  therefore  formed  from  the  moifturc 
of  the  air.  The  immediate  produdl  of  evapora- 
tion in  fomc  manner  changes  it’s  nature  in  the  at- 
mofphere, for  it  does  not  fepfibly  affedt  the  hygro- 
meter ; an^J  it’s  return  to  a ftate  of  aqueous  vapour 
fo  produce  clouds  and  proceeds  from  fome 

caufc  of  which  w^e  are  ignorant. 

Of  the  various  hypoth.efes  to  refolve  this  dif- 
ficulty, that  of  Mr.  de  Luc  is  the  moft  probable, 
w ho  fiippofes,  that  the  aqueous  vapours  are  turned 
in  the  atmofphere  into  an  aeriform  fluids  and  that 
rain  proceeds  fr07n  the  decompofition  of  this  air.  On 
^;his  hypothelis  it  is  eafy  xo  perceive  why  the  hy- 
5 grometer 
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gromcter  ir  not  affcd:cd  by  the  quantity  of  water 
that  is  often  exilling  in  the  atmofpherc. 

The  dilference  between  water  as  vapoury  and 
as  an  aeriform  fluid,  conlifls  in  this  ; that  in  va- 
pour the  union  of  water  with  fire  is  very  weak,  and 
is  cafily  deftrbyed  by  preffure  or  cold ; but  by  the 
addition  of  another  fubftance  it  lofes  thefe  pro^ 
perties,  and  becomes  an  aeriform  fluid.  There  are 
many  rcafons  for  fuppoflng  that  a variety  of  aeri- 
form fluids  are  included  in  the  atmofphcre,  which 
by  rcfifting  the  operations  ufed  to  diminifh  the  at- 
mofphere  are  unknown  to  us.  Now  the  operation 
of  thefe,  or  of  other  fubflances  in  the  air,  may  de- 
compofe  water  confidered  as  an  aeriform  fluid,  and 
thus  occafion  rain.^ 

The  variations  of  the  barometer  feem  natu- 
rally to  lead  us  to  Tome  fuch  concluflon ; for  when 
the  barometer  falls  as  a fign  of  rain,  it  is  from  a 
change  in  the  fpecific  gravity  of  the  air  ; but 
Mcflrs.  dc  Luc  and  de  Saulfure  have  proved,  that 
there  never  is  a fuflicient  quantity  of  vapour  in  the 
atm.ofphere  to  occalion  the  difference  produced  by 
this  inflrument.  There  are  many  other  phenomena 
which  are  not  accountable  on  the  ufual  principles> 
and  conducf  us  to  look  for  fome  further  change  in 
the  theory  of  the  atmofpherc. 

Laws  of  Evaporation  by  M.  de  Luc. 

M.  dc  Luc  here,  as  before,  conlidcrs  moif- 
turc  ir;  the  air,  as  the  modification  of  a particular 
fluid,  confifting  of  water  and  fire,  mixed  with  the 
air,  but  independent  thereof. 

He  alfo  conlidcrs  evaporation  (which  occa- 
fions  this  rnoiflure)  as  an  operation  of  fire  without 
the  interference  of'air. 

That 

* The  reader  mufl  be  referred  to  M.  de  Luc’s  Letters,  to 
learn  wliy  the  French  theory  of  the  decompofition  of  water  does 
ROt  apply  to  this  calc. 
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That  it  is  an  operation  of  fire,  is  plain ; fur 
every  liquor  cools  when  it  evaporates,  bccaufc  the 
portion  of  the  fluid  that  difappears,  carries  aw?!.y  a 
quantity  of  fire  from  the  liquor. 

Mr.  Watt  has  fliewn,  that  in  the  ordinary 
evaporation  of  water  in  open  air,  the  quantity  of 
heat  loft  by  the  rnafs,  bears  to  the  quantity  of 
water  carried  away,  a greater  proportion  than  that 
which  is  found  in  the  fteam  produced  by  boiling 
water.  ^ There  is,  therefore,  ne  room  to  doubt  that 
Iteam  is  formed  in  the  firfl:  as  in  the  laft  cafe. 

Whenever  water  is  in  a ftate  of  evaporation, 
an  expanfible  fluid,  compoled  of  water  and  firCj  is 
produced.  To  this  fluid  M.  de  Luc  gives  the  name 
of  fleam.  I ufe  this  and  vapour  indifferently. 

As  long  as  fleam  exifls,  it  exerts  a power  of 
prelTure  like  air  itfelt  ; but  it  does  not  belong  to 
the  clafs  of  permanent  elaftic  fluids,,  as  it  may  be 
decompofed  either  by  preff'ure  or  by  cooling. 

There  is,  as  you  have  feen,  a material  differ- 
ence between  what  are  called  permanently  elaftic 
fttitds  and  fteam,  or  the  vapour  of  water ; the  former 
will  undergo  every  known  degree  of  atmofpheric 
prelfure  without  being  decompofed  ; but  vapour  is 
decornpofed  by  too  great  a prelfure.  The  parti- 
cles of  the  water  being  hereby  brought  nearer  to- 
gether unite,  and  quit  the  fire,  which  in  palTing 
irom  them  rnanifefts  it’s  ufual  properties. 

Perman^lly  elaftic  fluids  cannot  be  dccom- 
poled  in  velTels  hermetically  fealed,  becaufc  they 
are  thereby  prevented  from  receiving  the  adion 
ot  the  bodies  with  which  they  have  a greater  affi- 
hity  than  with  thofe  which  fupport  them  in  an 
aeriform  ftate  ; hut  fteam  or  watery  vapours  may  be 
decompofed  in  vclfels  hermetically  fealed,  from  the 
tendency  of  the  fire  with  which  it  is  united  to  an 

n?fhU^^thr  fi  exterior  heat  dimi- 

Vm  ^11  re-eftablilh  the 

G equilibrium 
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■ equilibrium  of  temperature.  If  the  fire  becomes 
fufiiciently  abundant  on  the  outfide,  it  re-enters 
the  velfieb  and  vapours  arc  again  formed. 

As  the  cxpaniive  property  of  vapour  depends, 
every  other  circurnfiance  being  the  fame,  on  fire, 
it  is  greater  in  proportion  as  the  particle's  contain 
a* greater  quantitv. 

It  appears,  that  fieam  is  decompofed  either 
by  prefiiire  or  by  cooling ; becaiife  at  a given  tem- 
perature it  has  a certain  fixed  maximum  of  denfity, 
which  increafes  with  the  temperature. 

'{'hus,  when  the  fluid  is  arrived  at  the  maxi- 
mum correfpondent  to  a certain  temperature,  it 
will  be  decompofed,  either  by  being  cooled,  it’s 
maximum  being  too  great  for  this  temperature,  or 
it  will-  be  decompofed  by  an  increafe  of  prclfure 
without  any  change  of  teniperature  ; for  here  it’s 
denfity  is  too  great  for  that  temperature  : in  either 
cafe  the  water  is  feparated  from  the  fire,  which 
fupported  it  as  fleam. 

Idle  degree  of  preffure,  or  expanfive  force, 
cxercifed  by  fleam,  or  which  it  can  fupport  with- 
out decompofition,  depends  on  temperature,  and 
is  proportional  to  it’s  denfity. 

Steam  is  formed  at  every  temperature  where 
a previous  fpacc  permits  it’s  cxpanfion  ; but  no 
fleam  can  be  formed  where  it  has  to  overcome  an 
obflacle  fuperior  to  it’s  expanfivc  power  at  that  de- 
gree of  temperature;  and  if  it  be  formed,  becaufe 
the  obflacle,  or  picffurc,  did  not  exceed  it’s 
power,  yet  if  the  preffure  increafes,  or  the  tem- 
perature lowers  ever  fo  little,  it  is  totally  de- 
compofed.- 

It  is  thefc  circumfiances  that  determine  both 
the  degree  of  heat  at  w hich  water  begins  to  boil, 
and  the  variations  of  that  degree,  according  to  the 
variations  of  preffure  ; for  ebulliiioji  is  that  hate  of 
a liquid  in  which  fleam  is  continually  form.cd  with- 
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in  itfcUy I’lotwith'Handing' the  cxtcTnal  preffure;  and 
to  produce  this  expand  ve  {)o\ver  in'  deam,  a certain, 
degree  of  heat  is  neceflaiy  in  the  fiuid,  which  is 
determined  by  the  degTee  of  prelilire.  As  for  the 
hxjty  of  the  degree  of  boiling  water  iindcT  a con- 
dant  predure;  it  is  produced  by  the  equilibrium 
between  the  quantity  of  fire,-  which  continues  to 
penetrate  the  water,  and  that  which  goes  off  in 
deani  ; the  differences  ^W'hich  may  happen  in  the 
quantity  of  fire  that  penetrates  the  w-ater,  having 
no  othei  fendble  ededt  than  that  of  producing  a 
more  or  lefs  rapid  formation  of  deam.- 

From  hence  \v-e  may  perceive  the  difference 
between  the  phenomena  of  common  evaporation 
and  ebullition.  Ebullition  requires'  a determined 
degree  of  heat,  becaufe  the  deam  cannot  be  formed 
^^ithin  the  water,  unlefs  it  is  fufficiently  drono-  to 
overcome  the  adfual  prelfure  on  the  w-ater : but  in 
common  evaporation  the  deam  and  vapour  is 
formed  at  the  furface  of  the  water  by  every  deoree 
of  temperature;  for  it  meets  wdth'no  rcfidance, 
but  what  it  can  always  overcome ; it  mixes  onl>" 
^vith  the  air,  and  this  it  expands  in  proportion  to 
It  s quantity,  in  the  fame  manner  as  if  it  v/ere  a 
new  quantity  of  air. 


The  deam,  formed  by  common  evaporation 
IS  of  the  fame  nature  with  that  of  boilino-  w^ater  \ 
but  w-ith  refpedl  to  the  preffure  it  undergoes,  it  is 
lirntlar  to  that  produced  by  evaporation  under  an 
exhauded  receiver.  Under  the  exhauded  receiver 
the  refidance  the  deam  meets  with  is  from  itfelf* 
and  IS,  confequently,  proportional  to  it’s  own  ex- 
pandve  power.  In  open  air,  the  part  of  the  whole 
prelfure-  incumbent  on  the  deam  is  to  that  whole 
as  It’s  power  is  to  that  of  the  whole  mafs,  the  red 

being  fupported  by  the  air  with 
wnich  It  is  mixed  ; which  proportion  in  the  pref- 

^ fure 
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furc  fleam  undergoes,  brings  it  exadlly  to  that  of 
the  firfl,  as  is  proved  by  experiment. 

When  the  thermometer  is  at  65^,  the  maxi- 
mum of  evaporation  in  an  exhaufbed  receiver,  * 
fupports  0.5  inch  of  mercury  in  the  fhort  baro- 
meter gage.  That  the  evaporation  in  vacuum  has 
the  fame  caufe  as  in  open  air,  is  clear  from  the 
lofs  of  heat  by  the  liquid  in  this  cafe,  as  well  as 
the  other : an  equal  prefTure  is  alfo  produced,  and 
added  to  that  of  the  air,  when  the  receiver  is  filled 
with  air,  as  will  appear  by  the  following  example; 

If  the  thermometer  be  ftill  about  95,  and  the 
receiver  be  filled  with  air  of  the  fame  denfity  as 
that  in  the  room,  a barometer  placed  in  that  re- 
ceiver, will  ftand  at  the  fame  height  as  in  the  open 
air.  If  a fufficient  quantity  of  water  be  introduced 
for  producing  the  maximum  of  evaporation,  the 
inclofed  barometer,  like  the  gage,  will  rife  0.5 
of  an  inch. 

Now  as  the  barometer  is,  in  every  cafe,  a 
manometer,  the  phenomena,  obferved  in  clofe  vef- 
fels,  give  us  a true  idea  of  what  happens  to  fieam 
in  the  atmofphere.  When  fleam  is  mixed  with 
air,.be  the  mafs  fhut  up  in  a veffel,  or  be  it  in  a cer- 
tain part  of  the  atmofphere,  diftindl  by  it’s  place, 
both  fluids  will  a6l  on  the  barometer,  or  on  every 
obflacle,  and  thus  againfl  each  other,  according 
to  their  refpedlive  power,*  becaufe  no  mechanical 
caufe  can  produce  the  decompofition  of  ffeam, 
but  by  forcing  it’s  particles  to  come  nearer  each 
other,  than  is  confident  with  the  temperature  by 
which  they  are  fupported  ; which  cafe  cannot  hap- 
pen in  the  atmofphere,  except  by  the  accumula- 
tion of  fleam  in  fome  part  of  it ; fince  elfe- 
where  it  only  remains  mixed  with  the  air,  accord- 
ing to  it’s  own  Lws,  as  if  there  were  no  air. 


* The  jjican  refults  cf  experiments. 
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Mr.  de  Luc  confidcrs  the  whole  theory  of 
hygrology  a fcience,  whofc  objecls  are,  in  general, 
the  caufe  of  evaporation,  and  the  modifications  of 
evaporated  water,  as  comprehended  in  the  fore- 
going propolitions. 

The  common  fource  of  the  water  thus  diffe- 
minated  in  the  atmofphere,  is  the  furface  of  the 
earth  ; whence  in  fpontaneous  evaporation,  both 
in  air,  and  in  vacuo ^ as  well  as  in  ebullition,  we 
fee  water  carrying  off  latent  fire. 

If  the  product  be  colledted  in  a clofe  fpace,  it 
acts  in  the  fame  manner  as  a new  quantity  of  ex- 
panfive  fluid. 

It  is  known,  by  experience,  that  an  expan- 
five  fluid  is  really  produced  by  ebullition,  and  by 
evaporation  in  an  exhaufted  receiver;  and  no  good 
reafon  can  be  affigned  to  fliew  why  the  caufe  of 
evaporation,  and  it’s  product,  fhould  change  in 
any  cafe  only  by  the  prefence  of  air ; and  on  ex- 
amining what  may  happen  in  open  air,  we  find  no 
particular  caufe  of  the  deftrudtion  of  that  expanfi- 
ble  fluid,  or  any  difficulty  in  conceiving  it’s  dif- 
femination  in  every  part  of  the  atmofphere. 

Here  we  lofe  fight  of  fteam  ; for  watery  va- 
pours are  not  difccrnible  of  themfelves,  and  it  is 
on  this  account  they  are  not  perceived  in  the  at- 
mofpherc.  Mixed  therewith,^  they  are  not  to  be 
diftinguifhed  from  it,  bscaufe  they  are  as  tranf- 
parent  as  itfclf.  In  a vacuum  they  would  be  taken 
for  an  elaftic  fluid,  if  we  judged  of  them  only  by 
their  mechanical  effeds,  without  fubjeding  them 
to  a chemical  analyfis.  In  the  air  their  mechanical 
adion  is  as  little  perceivable  as  that  of  any  fcat- 
tered  particles  ot  air  ; and  we  fliould  be  ignorant 
of  their  fundion  in  the  atmofphere,  if  it  were  not 
for  their  property  of  producing  moifture.'^ 

c 3 Of 

* See  Mr.  de  Luc’s  paper  in  the  fecond  part  of  the  Philofo- 
phical  Tranfadlions  for  1792, 
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Of  V ESicuLAR  AND  Concrete  Vapour. 

When  vapour  or  fleam  is  decompofcd,  if  it 
be  contiguous  to  fubflanccs,  w-hofe  heat  is  lefs  than 
it’s  owiij  the  hre  quits  the  vapour,  and  the  water 
is  dcpofited  on  the  furface  of  the  body  in  the  form 
of  dew,  and  in  drops.  AVhen  the  heat  is  as  low  as 
congelation,  the  vapours  are  cryftallized,  and  de- 
pofited  in  regular  and  curious  forms. 

If  there  arc  no  fubftances  contiguous  to  the 
vapours  in  the  air,  the  particles  of  water  unite,  and 
form  either  fphcrical  folid  drops,  hollow  fphercs, 
or  congealed  icicles. 

The  folid  drops  unite  and  form  rain.  The 
icicles  are  the  frft  elements  of  fnow  ; but  as  they 
are  often  very  minute,  and  remain  fufpended  in 
the  air,  where  they  produce  different  meteors', 
*Mr.  dc  Sauffure  ranks  them  in  the  clafs  of  vapour, 
and  gives  them  the  name  of  concrete  vapour. 

The  exiflence  of  the  hollow  fpheres,  or  vefi- 
.cular  vapours,  has  been  often  fuppofed,  before 
philofophcrs  'were  able  to  exhibit  them  to  the 
fenfes.  The  fimpleft  and  moft  inftrudtive  manner 
of  obferving  them,  is  to  expofe  a cup  of  fome 
warm  aqueous  fluid,  of  a dark  colour,  as  coffee, 
or  water  mixed  with  ink,  to  the  rays  of  the  fun 
jn  a fine  day,  when  the  air  is  very  calm  ; a cloud 
will  rife  from  the  fluid  to  a certain  height,  and 
then  difappear. ' An  attentive  eye  will  focn  dif- 
cover  that  this  cloud  confiffs  of  fnrall  round  grains, 
of  a whitilh  colour,  and  detached  one  from  the 
other.  To  acquire  a' more  diffind;  idea  of  their 
form,'  you  may  obferve  them  as  they  rife  from  the 
furface  of  the  liquor,  with  a lens  of  about  one  inch 
and  half  focus;  being  Careful,  however,  to  keep 
the  1'  ns  out  of  the  vapou'rs,  that  they  may  not  de- 
prive it  of  it’s  tranfparency. 

( V.ou  may  thus  obferve  fpherical  balls  of  dif- 

f ■ ferent 


.Nature  and  Properties  oe  Water.  87 


fercnt  lizes  proceeding  from  the  furface  kh  more 
or  lefs  rapidity.  The  more  delicate  rife  with  ra- 
pidity, and  foon  traverfe  the  held  ot  tne  lens  ; the 
larger  fall  back  into  the  cup,  and  t\  ithout  mixing 
with  the  fluid,  roll  upon  it’s  furface  like  a light 
powder,  which  obeys  every  impulfc  of  the  air, 
and  are  blown  from  one  edge  of  the  cup^  to 
the  other,  even  w'hen  there  is  no  apparent  agita- 
tion in  the  air.  Thefe  globules  may  be  feen  on  a 
fudden  to  begin  to  move,  the  fmallcft  rifmg  by 
an  agitation  of  the  air  imperceptible  to  our  fenfes, 
flying  off  and  diktppearing,  whilk  the  largek  re- 
main rolling  on  the  furface  without  quitting  it ; 
at  other  times  you  fee  fomc  of  them,  which  were 
fufpeneied  in  the  air,  defeend  to  the  furface^  and 
there  reel  a while  like  pigeons  on  a ground  frefli 
fown,  then  on  the  fmalleft  agitation  rife  again,  and 
fly  away. 

The  lightnefs  of  thefe  fmall  fpheres,  their 
whitenefs,  ^c.  gives  them  an  appearance  altoge- 
ther different  from  folid  globules  ; their  perfect 
refemblance  to  the  larger  balls  that  are  feen  floating 
on  the  furface  of  the  liquid  can  leave  no  doubt  of 
their  nature ; it  is  fulficient  to  fee  them  .to  be 
convinced  that  they  are  hollow  bubbles,  like  thofc 
blown  from  water  and  foap. 

Mr.  Kratzenffein  endeavoured  to  effunate 
their  fize,  by  comparing  them  with  an  hair,  and 
found  they  were  12  times  fmaller  than  the  hair, 
whofe  diameter  was  the  300th  part  of  an  inch,  and 
confequently  one  of  thefe  was  only  the  3,690th  part 
of  the  fame  mcafure. 

To  obferve  them  more  readily,  Mr.  de  Sauf- 
fure  ufed  a kind  of  eolipile,  formed  of  two  balls, 
i.  e.  a glafs  tube  fealed  at  A,  fy-.  10,  pL  5,  vol.  i. 
open  at  D ; the  two  balls  communicating  with 
each  other,  and  the  opening  or  neck  D.  tie  let 
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fome  drops  pf  water  pafs  into  the  ball  B,  and 
placed  it  over  the  flame  of  a fpirit  of  wine  lamp  ; 
fpirit  of  wine  was  ufed  that  the  balls  might  not 
be  obfcured  ; as  foon  as  the  water  is  fenfibly  heated 
in  the  ball  B (the  ball  C being  yet  cold),  you  may 
fee  the  vapours  from  the  ball  B enter  into  the  ball 
C,  and  there  condenfe  themfelves  in  the  form  of 
a cloud,  which  is  entirely  compofed  of  thefe  vefl- 
cles ; but  when  the  w^ater  boils  in  B,  the  torrent 
of  elaftic  vapours  that  enter  C warms  this  ball, 
and  the  vapour  being  no  longer  condenfed,  neither 
cloud  nor  veflcles  are  feen  ; it  becomes  perfedlly 
tranfparent,  and  the  jet  proceeds  from  the  neck 
B,  as  from  an  eolipile.  If  you  then  remove  the 
eolipile  from  the  flame,,  and  cool,  by  means  of  cold 
water,  the  ball  C,  the  veficular  vapours  will  again 
appear:  by  placing  this  ball  on  the  ftage  of  a mi- 
crofcope,  you  may  obferve  thefe  vapours  with  the 
greateft  convenience. 

You  may  even,  fometimes,  be  able  to  obferve 
them  in  a fog,  or  in  a cloud  when  on  a hill : to  this 
end  Mr.  de  Sauffure  ufed  a lens  of  one  and  a half  or 
two  inches  focus,  which  he  held  near  his  eye  with 
one  hand ; in  the  other  he  held  any  fmooth,  flat,  and 
polifhed  furface  of  a black  colour,  as  the  bottom  of  a 
tortoifefhell  box  ; bringing  this  towards  the  lens, 
till  it  was  very  near  the  focal  diftance  thereof,  he 
then  waited  till  the  agitation  in  the  air  brought 
fome  particles  of  the  cloud  into  the  focus  of  the 
lens  ; when  the  cloud  w’as  thick,  this  foon  happen- 
ed, and  he  perceived  round  and  white  particles 
pairing  with  the  rapidity  of  lightning,  others  mov- 
ing flwwdy,  fome  rolling  upon  the  furface  of  the 
tortoifefhell,  others  flriking  againft  it  obliquely, 
and  rebounding  like  a ball  from  a wall,  others  fix- 
ing themfelves  thereto.  Small  drops  of  w^ater  might 
alio  be  perceived  to  fettle  on  the  tortoifefliell ; but 


Nature  and  Properties  of  Water.  89 

they  were  eafily  diftinguiflied  from  the  hollow 
fpherules,  by  their  tranfparency,  their  gravity,  and 
their  pace. 

Further,  clouds  do  not  form  a rainbow ; it  is 
produced  by  folid  drops ; when  a cloud  is  not 
in  an  adlual  date  of  refolution,  it  does  not  change 
the  form  of  the  dars  that  are  feen  through  it ; for 
n finitely  thin  menifeudes  do  not  fcnfibly  change 
the  coLirfc  of  the  rays’of  light.  But  as  foon  as  the 
cloud  begins  to  refolve  itfelf  in  folid  drops;  even 
without  clouds,  when  folid  drops  begin  to  be 
formed  in  the  air,  the  dars  feen  through  them  a^ 
ill  defined,  furrounded  with  a didufc  light,  circleS 
and  halos  ; hence  thefe  meteors  are  the  forerunners 
of  rain,  for  rain  is  nothing  more  than  thefe  drops 
augmented  or  united.  When  the  vedcular  vapours 
are  condenfed  by  cold,  the  water  which  formed  the 
bubble  crydallifes,  fometimes  into  hoar  frod,  fome- 
times  into  fnow  ; when  it  does  not  freeze,  they 
unite  in  dew,  or  defeend  in  rain.  Many  other  cu- 
rious properties  concerning  the  vedcular  and  con- 
crete vapours  are  related  in  Mr.  de  SaulTure’s 
excellent  ElTai  fur  I’Hygrometrie. 

Of  Mineral  Waters. 

A full  invedigation  of  the  properties  of  mi- 
neral waters  is  the  fubjecd:  of  chemidry  ; but 
dnee  the  difeoveries  of  Dr.  Priedley  it  has  fo  much 
analogy  with  philofophy,  that  I cannot  pafs  it  over 
entirely  in  dlence. 

The  name  of  mineral  water  is  in  general  given 
to  any  water  which  is  found  to,  be  fo  loaded  with 
foreign  principles  as  to  produce  a dilferent  cd'ecl 
on  the  human  body  from  that  which  is  produced 
by  the  waters  commonly  ufed  for  drink.*  Our  an- 
fcdors  were  particularly  attentive  to  procure 

wholefome 
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vvholefome  water;  it  was  this  that  dctcrniincd 
where  they  would  unite  together,  and  regulated 
their  choice  of  the  fituation  of  houies.  Hippocrates, 
the  father  of  medicine,  was  well  acquainted  with 
the  influence  ot  water  upon  the  human  frame,  and 
aflirms  that  the  mere  quality  of  the  ufual  drink  is 
capable  ot  modifying  and  producing  a ditfercnce 
amoncr  men. 

Co 

When  we  confider  that  many  of  the  ancient 
philofophers  fuppofed  that  all  things  were  origi- 
nally deriyed  from  water,  it  is  evident  they  mufl: 
have  had  an  extcnfive  viev/  of  the  operations  of 
nature.  We  fee  that  it  produces  dew,  clouds,  rain, 
fnow,  and  other  meteors  ; nor  can  we  help  obferv- 
ing  how  every  vegetable,  and  every  animal,  rifes  out 
of  it.  When  we  chemically  examine  the  materials  of 
which  animal  and  vegetable  fubflanccs  are  cornpofed, 
we  And  water  to  be  a principal  ingredient.  No- 
thinc:  then  remains  but  the  folid  and  inanimate 
parts  of  the  globe;  the  various  earths,  rocks,  ftones, 
and  minerals,  of  which  the  dry  land  and  vaft  mafs 
of  mountains  are  cornpofed,  even  thefe,  the  more  we 
examine  them  the  more  we  have  rcafon  to  think, 
derive  their  origin  from  water. 

' In  marble,  chalk,  and  llmeftone,  we  find  evi- 
dent traces  of  the  fea  ; we  cannot  rationally  think 
otherwife  of  thefe  firata,  than  that  w'ater  has  been 
greatly  concerned  in  their  origin.  And  further,  as 
we  find  thefe  firata  irregularly  mixed  with  the 
hardefi:  rocks  both  above  and  below,  we  mufi:  con- 
fidcr  them  as  fpringing  from  the  fame  fource.  On 
examining  the  rocky  firata,  you  will  find  marks 
which  plainly  point  out  that  they  originate  from 
the  fea.  Thus  the  firata  of  freefione  which  are 
very  extcnfive,  evidently  fitew  from  their  appear- 
ance that  they  were  originally  fea-land  ; they  arc 
divided  into  fmall  firata,  and  arc  difiinguilhed  into 

horizontal 
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horizontal  layers,  and  have  the  fame  undukted  iur- 
lace  as  the  land  of  the  fea-lhore. 

Flinty  fubilances  feem  to  form  the  ftrongeft 
objeClions  to  this  fyflem,  as  they  rcfift  the  action  ol 
\\atcr  as  much  as  any  fubftances  in  nature:  but 
there  are  many  phenomena  in  nature  which  Ihevv 
that  calcareous  earth  is  convertible  by  length  ot 
time  into  a fdnty  matter;  and  marine  Ihells  are 
not  unfrequently  met  with  which  have  loil  their 
calcapeous  nature,  and  arc  converted  into  the  hard- 
cil  and  purcll  flint.  In  bitumen  and  coals  we  hnd 
evident  traces  of  a vegetable  origin. 

The  analyhs  of  water  is  not  only  ufeful  in 
ft  phybcal  point  of  view,  but  alfo  as  an  objc(il 
.of  medicine,  in  order  to  determine  whether  any 
water  is  ufeful,  to  know  thofe  which  pollefs  medi- 
.cinal  .virtues,  and  apply  them  to  the  ufes  to  which 
.they  arc  fuited ; or  to  appropriate  to  dilferent 
.works  and  manufacforics  the  waters  bell  calculated’ 
for  their  refpcctive  purpofes,  to  correct  impure 
waters,  and  lalfly  .to  imitate  the  knozvn  7nineral  zva^ 
ters  at  all  places,  anci  at  all  times.  Whether  you 
confider  mineral  waters  with  refpecl  to  their  for- 
mation, or  the  benefit  which  accrues  from  them, 
we  have  reafon  t,o  eftimate  them  as  precious  gifts  of 
Divine  Providence.  But  it  is  with  thefe  as  W’itli 
many  other  bleifings,  we  are  too  often  hcedlefs  and 
ungrateful.  How  many,  for  whom  the  wonders  of 
creation,  providence,  and  redemption,  have  been 
wrought,  that  think  them  not  worthy  their  atten- 
tion 1 Angels  admire  anci  adore,  where  man  w ill 
not  deign  to  cafi:  an  eye,  or  employ  a thought.” 
The  mineral  w^aters  are  divided  into  dilferent 
heads,  according  to  the  fubfianccs  they  contain: 
j.  The  acidulous y which  contain  an  aeriform 
fluid,  which  gives  thefe  w'atcrsa  brilknefs  like  that 
of  a fermenting.  This  briflenefs  is  moil  apparent 

when 
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when  the  water  is  poured  from  one  veiTei  to 
another ; it  is  fometinv-'s  fo  confiderable  as  to  burfl; 
the  bottle.  They  redden  the  tin'^turc  of  turnfole, 
and  precipitate  lime-water. 

2.  An  acid  is  fometiraes  found  in  the  waters 
of  Iprings,  giving  them  a verjT^nfible  acidity;  this 
generally  arifes  from  the  vitriolic  acid:  this  acid 
has,  however,  in  general,  fo  Rrong  a difpofition  to 
unite  wdth  the  various  fubfiances  through  which 

^ ^ O 

the  water  of  a fpring  palTes,  that  it  is  feldom  found 
in  a feparate  (late  in  the  water. 

3.  An  alkaline  fait  is  fometiines  met  w’ith  in 
water;  this  is  in  general  the  folfil  alkali. 

4.  Neutral  falts.  01  thefc,  thofe  that  are  moft 
generally  found  are  common  fait,  and  fometimes 
nitre. 

5.  Earthy  fubftances.  Of  thefe  the  calcareous 
is  fometimes  found.  There  are  mineral  w’aters 
which  contain  fo  much  calcareous  earth,  as  to 
become  petrifying  to  other  bodies.  ' ' 

6.  Earthy  compounds.  Thus  you  may  often 
bnd  calcareous  and  other  earths  fufpended  in  w'ater 
by  means  of  an  acid.  I'hus  gypfum  is  contained 
in  almofl:  all  waters,  Epfom  fait  is  found  in  great 
quantities,  and  allum  is  fometimes  to  be  met  wnth. 

7.  Sulphureous  waters.  Thefe  waters  have 
been  long  confidered  as  holding  fulphur  in  folu- 
tion ; but  Bergman  has  proved  that  moft  of  thefe 
veaters  are  more  impregnated  with  hepatic  gas : 
this  clafs  is  known  by  emitting  the  fmell  of  rotten 
eggs. 

8.  Martial  wwters.  Thefe  have  a very  aftrin- 
gent  tafte,  and  exhibit  a blue  colour  by  the  folu- 
tion  of  precipitate  of  lime.  The  iron  is  held  in 
iblution  either  by  hxed  air,  or  the  vitriolic  acid. 

Sometimes  the  acid  is  in  excefs,  and  the  wa- 
ters have  a penetrating  lub-acid  talfc,  as  Pyrmont 
and  Spa  water. 


Sometimes 
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Sometimes  the  acid  is  not  in  excefs,  and  the 

waters  are  not  acidulous. 

In  chemical  writers  you  will  find  the  method 
of  analyfing  thefe  different  waters.  When  ‘the 
analyfis  is  well  made,  the  fynthefis  is  no  longer  dif- 
licult.  And  the  imitation  of  mineral  waters  is 
now  no  infoluble  problem.  T1  he  proceffes  of  na- 
ture are  inimitable  only  in  thofe  operations  that 
are  vital.  In  this  inftance  we  can  do  more  than 
imitate,  we  can  vary  at  pleafure  the  nature  and 
proportion  ot  the  conflituent  parts,  and  give  them, 
as  circumftances  require,  more  or  Icfs  energy. 
In  artificial  w'aters  the  ingredients  are  known,  while 
the  ing-redients  of  waters  in  their  natural  ffate  are 

O 

always  unknown. 

That  which  Dr.  Johnfon  has  obferved  of  a 
poet  is  equally  applicable  to  a philofopher.  To 
him  nothing  can  be  iifelcfs.  Whatever  is  beauti- 
ful, and  whatever  is  dreadful,  fliould  be  familiar  to 
his  mind  ; he  Ihould  be  conveiTant  wdth  all  that  is 
awfully  vafl,  or  elegantly  little.  The  plants  of  the 
garden,  the  animals  of  the  wood,  the  minerals  of 
the  earth,  and  the  meteors  of  the  ff  y,  fliould  ail 
concur  to  enrich  his  mind.  By  him  no  kind  of 
knowledge  fliould  be  overloolyed,  he  fliould  range 
mountains  and  deferts,  explore  every  tree  of  the  , 
foreft  and  flower  of  the  valley,  the  crags  of  the 
rock,  the  mazes  of  the  ftream,  and  the  great  wide 
Tea,  with  it’s  unnumbered  inhabitants;  he  wdll  find 
them  all 

— fpeak  their  Maker  as  they  can, 

But  want  and  afk  the  tongue  of  man  : 

calling  upon  him  to  praife  his  redeeming  God, 
who  in  the  intelledlual,  as  in  the  material  world,  is 
Lord  and  King  ; who  is  obeyed  by  the  angels  in 
heaven,  ferved  by  the  church  upon  earth,  and  feared 
by  the  fpirits  imprifoned  in  deep  places  beneath. 

I Look 
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Look  at  every  thing  in  nature;  look  at  atl  the' 
variety  of  creatures  therein;  conlider  it  in  ail  it’s 
height  and  depth,  in  all  it’s  variety  of  operations  ; 
and  you  will  find  it  is  only  for  this  end,  that  it 
may  in  it’s  infinite  variety  of  degrees  and  capaci- 
ties manifeff  the  hidden  riches,  the  invifible  pow- 
ers, and  glories  of  the  fpiritual  world  ; and  be  as  lb 
many  founds  and  voices,  preachers  and  trumpets, 
giving  glory,  praife,  and  thankfgiving  to  the  God 
OF  Love. 

The  prefent  Lecture  has  afforded  you  frefli 
inflanccs  of  the  wonders  and  variety,  the  harmony 
and  magnificence  difcoverable  in  the  works  of  God. 
There  is  not,  for  inffance,  in  nature  a more  auguft 
and  flriking  objedt  than  the  ocean.  It’s  inhabi- 
tants are  as  numerous  as  thofe  on  land,;  nor  is  the 
wifdom  and  the  power  of  the  Creator  lefs  difplayed 
in  their  formation  and  prefervation,  from  the 
fmalleft  fifli  that  fwims  to  the  leviathan  himfelf. 
Nor  is  there  any  image  w hich  gives  us  a grander 
idea  of  the  power  and  greatnds  of  God,  who 
hath  this  raging  element  fo  iwuch  under  his  com- 
mand : hence  he  is  reprefented  in  holy  writ  as 
holding  it  in  ihe  hollow  of  his  hand. 

There  the  creatures  of  God  multiply  in  a 
much  greater  proportion  than  by  land,  and  are 
maintained  wdthout  the  cod  or  attendance  of  man* 
they  are  a lingular  flock,  which  have  no  fhepherd 
but  the  Creator  himfelf,  w ho  conducts  them  at 
different  feafons  in  innumerable  fnoals  to  fupply 
the  world  WTth  nourifhment. 

By  means  of  navigation  Providence  hath 
opened  a communication  between  the  mod  didant 
parts  of  the  globe ; the  larged  folid  bodies  arc 
w afted  w ith  incredible  fwiftnefs  upon  one  fluid  hy 
the  hnpiilfe  of  another,  and  fcas  join  the  countries 
which  they  appear  to  divide. 
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The  waters  of  the  Tea  are  not  only  prevented 
from  deftroying  the  earth,  but  by  a wonderful 
machinery  are  rendered  the  means  of  preferving 
every  living  thing  which  moveth  thereon.  Partly 
afeending  from  the  great  deep  through  the  ftrata 
of  the  earth,  partly  exhaled  in  vapour  from  the 
furface  of  the  ocean  into  the  air,  and  from  thence 
falling  in  rain,  efpecially  on  the  tops  and  lides  of 
mountains,  where  they  break  forth  in  frefli  water 
fprings,  having  left  their  falts  behind  them;  they 
trickle  through  the  valleys,  receiving  new  fupplies 
as  they  go ; they  become  large  rivers,  and  after 
watering  by  their  innumerable  turnings  and  wind- 
ings immenfc  tradls  of  country,  they  return  to  the 
place  from  whence  they  came.  The  fertility  of  the 
earth  is  owdng  to  God,  who  watereth  the  ImUs  from 
bis  chambers,'"  Hence  all  the  glory  and  beauty  of  the 
vegetable  w'orld ; hence  the  grafs  that  nouriiheth 
the  cattle,  that  they  may  nourifli  the  human  race; 
hence  the  green  herb  for  food  and  medicine; 
hence  fields  covered  wdth  corn  for  the  fupport  of 
life ; hence  vine  and  olive  trees  laden  with  fruits, 
whofe  juices  exhilarate  the  heart,  and  brighten  the 
countenance. 

They  w ho  in  old  times  paid  their  devotions 
to  the  elements,  imagined  thofe  elements  to  be 
capable  of  giving  or  withholding  rain  at  pleafure. 
Therefore,  we  find,  the  prophet  Jeremiah  reclaim- 
ing that  power  to  Jehovah,  as  the  God  who  made 
and  governed  the  world.  Are  there  any  among 
the  vanities  of  the  gentiles  that  can  caufc  rain  ? Or 
can  the  heavens  give  fliOWTrs  ? Art  not  thou  he, 
O Jehovah,  our  God?  Therefore  we  will  wait 
upon  thee  : for  thou  hafb  made  all  thefe  things.”' 
Among  the  Greeks  and  Romans,  we  meet  with  a 
Jupiter  poireffed  of  the  thunder  and  the  lightning, 
and  an  Aolus  ruling  over  the  winds ; but  divine 

revelation 
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revelation  teaches  us  to  reflore  the  celeftial  artiL 
lery  to  it’s  rightful  owner.  Jehovah,  the  God  of  ^ 
Ifrael,  the'  Creator  of  the  imiverfe,  the  Redeemer 
of  mankind,  contrived  the  wonderful  machinery 
of  light  and  air,  by  which  vapours  are  raifed  from 
the  earth,  compadled  into  clouds,  and  diftilled 
into  rain.  At  his  command  the  winds  are  fud- 
denly  in  motion,  and  fuddenly  at  reft  again.  Wc 
hear  the  found,  but  cannot  tell  whence  they  come, 
or  whither  they  go. 

Be  particularly  careful  then  that  you  never 
term  any  effedt  naturaly  with  the  intention  to 
deny  thereby  that  it  is  diviney  or  to  exclude  Goi> 
entirely  out  of  it ; for  the  Great  Architect 
neceftarily  prefides  over  and  diredls  every  wheel  of 
his  machine.  It  is  he  that  clothes  the  grafs  of 
the  field,  and  fendeth  the  fpring  into  the  rivers. 
It  is  HE  that  gives  corn,  and  wine,  and  oil.  It  is  he 
alfo  that  fends  famine,  fword,  and  peftilence.  One 
time  an  epidemic  diftemper  raged ; 2 Sam.  xxiv.  1 7 ; 
and  that  we  might  not  hereafter  on  fuch  occafions 
look  alone  to  the  noxious  qualities  in  the  airy  &c.  the 
veil  W'-as  for  once  drawn  aftde,  and  prefented  to 
open  view  the  deftroying  angel  of  the  Moft  High. 

Nor  let  the  pert  reafoner  flatter  himfelf  that 
. this  is  a fyftem  only  for  thofe  who  believe  the 
bible.  It  is  impoffible  to  conceive  any  religion 
at  all,  even  exclulive  of  revelation;  that  is,  in  other 
words,  to  conceive  any  trufly  refignationy  repent- 
anccy  or  gratitiidey  towards  the  Deity,  adapted  to  , 
the  fucceflive  fccnes  of  human  life,  upon  any  other 
foundation.  No  independence  can  be  aferibed  to 
the  creature ; even  the  fun,  the  moft  glorious  in- 
ftrument  of  created  power,  vifible  in  the  imiverfe, 
from  his  firft  glorious  appearance  to  this  good 
day,  never  fhed  one  ray  of  light  by  any  intrinfic 
power,  or  inherent  virtue  of  his  own. 

The 

* Dr.  Horne,  bifhop  of  Norwich,  on  the  Pfalms, 
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T\\q.  four ce  life,  beauty^  perfe^Jion,  is  too 
often  imperceived  by  the  mere  natural ift.  But  he, 
\s  hofe  eye  is  opened  and  illuminated  by  truth,  fees, 
contemplates,  and  adores  the  author  and  univer- 
sal PRINCIPLE  of  LIFE;  and  Hnds  HIM  perpetually 
manifefting  himself  in  every  objedt  of  nature,  ac- 
cording to  it’s  capacity  or  aptitude  to  receive  his 
enlivening  beams.  Separated  from  his  life-giving 
energy,  the  whole  creation  of  beings,  material  as 
well  as  intellcdlual,  mull  remain  in  a ftate  of  death. 
Nought  but  his  animating  breath  can  call  them 
forth  into  life,  and  array  them  with  robes  of 
beauty. 


VoL.  II. 
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LECTURE  XIV. 

On  the  Method  of  Reasoning  in  Natural 

Ph  ILOSOPHY. 

TN  the  propofals  for  thefe  Ledlurcs,  I engaged  to 
£ point  out  to  you  the  true  method  of  reafoning 
in  philofophy,  that  you  might  be  enabled  to  dihin- 
guilh  what  is  found  and  folid  therein,  from  what 
is  hollow  and  vain.  This  cannot,  I think,  be 
done  more  elfeQually  than  by  introducing  ypu  to 
the  writings  of  Lord  Bacon,  whofe  plan  for  the 
improvement  of  knowledge  comprehends  the  whole 
compafs  of  nature.  He  may  be  confidered  as  the 
great  reftorer  of  true  learning,  and  the  founder  of 
experimental  philofophy  ; having  done  more  towards 
detecting  the  fources  of  former  errors  and  preju- 
dices, and  towards  eftablilhing  a true  method  of 
philofophifmg,  than  was  elfetllcd  by  all  the  philo- 
fophers  of  the  preceding  ages. 

He  has  given  us  an  organnm  of  a different 
origin  and  condrinffion  from  that  of  Arijlotlei  one 
which,  inflead  of  puzzling  all  learning  with  artili- 
cial  forms,  and  perplexing  all  knowledge  with  dif- 
putation,  puts  truth  and  nature  to  the  torture  by  a- 
thoufand  trials,  and  forces  them  to  confefs  thofc 
fecrets,  which  in  fpite  o^fyllogifm  had  hitherto  lain 
concealed,  and  by  the  difeovery  of  w hich  arts  and 
fciences  have  been  advanced,  to  the  great  honour 
of  learning  and  advantage  of  fociety. 

Two  circumftances  add  greatly  to  the  merit 
of  Lord  Bacon.  The  firlt  is,  that  at  the  time  his 
w'ork  was  written,  the  w’orld  had  Icen  no  model  of 
indudHve  reafoning,  from  w'hich  it’s  rules  might  be 
deduced  with  amplitude  and  precifion.  Poets  and 
orators  had  brought  their  arts  to  perfedion,  ere 
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they  were  defcribed  by  Ariftotle ; his  rules  were 
drawn  from  the  molt  perfedt  models  of  thofe  arts 
that  have  yet  appeared  : but  the  art  of  interpreting 
vaiure  was  yet  in  embryo,  when  Bacon  with  url- 
common  energy  of  mind  delineated  it’s  manly  fea- 
tures and  proportions.  The  fccond  circumftance 
which  docs  our  noble  author  peculiar  honour,  is, 
that  he  was  free  from  every  view^  of  founding  a 
lect  in  philofophy,  or  aiming  to  procure  follow- 
ers : he  was  animated  with  better  profpedts,  and 
more  diftinterefled  views.  He  delired  only  to  lead 
mankind  as  it  were  by  the  hand,  and  to  inftrudt 
them  ib  to  follow  nature,  as  to  be  under  no  iiecefiity 
of  following  any  philofopher  vvhatfoever. 

The  picture  of  a true  philofopher  cannot  be 
better  drawn  than  by  Bacon’s  own  pencil,  and  in 
his  own  example.  You  find  in  him  a love  of  fei- 
ence,  it  s intereft  and  advancement,  yet  without 
affecting  the  pomp  of  learning;  he  is  a free,  im- 
partial, and  honeff  cenfor  of  paft  times,  yet  with- 
out haughtinefs  or  pride;  his  judgment  is  correCt 
and  folid  ; his  wit,  though  lively  and  fublime,  never 
gives  into  a wild  and  profane  licence,  or  rude  in- 
fult  upon  facred  things.  His  imagination  was 
fruitful  and  extenfive,  ranging  at  large  through  all 
the  times  and  regions  of  the  univciTe,  fuo-o-dtin^r 
new  thoughts  and  ideas,  and  fupplying  him  wdth 
images  to  exprefs  and  embody  thofe  ideas.  In  him, 
with  the  utmoft  logical  precifiorr,  you  have  the  ftib- 
iimcff  eloquence ; and  you  find  him  in  his  ad- 
vancement  of  learning,”  triumphing  over  the' 
barbarifm  of  the - preceding  ages,  and  over  the 
pedantry  of  that  in  v/hich  he  lived;  His  know- 
ledge was  fo  comprehenfive  and  univerfal,  that  he 
leerhs  to  have  been  the  profeffor  of  every  fcience 
not  only  acquainted  and  familiar  with  all  anes^ 
ut  admitted  as  a miniffer  into  the  infpeClion  and 
myfteries  of  all  nature.  Amidft  this  -*iiafs  of  ac- 

^ ^ ^ quired 
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quired  wealth,  the  drength  and  fplendor  of  his 
o\\  n dock, finning  forth  unimpaired  and  unrivalled, 
lending  a luftre  to  the  authority  he  produces,  his 
depth,  his  drength,  his  dignity,  and  majedy,  fet 
him  up  above  every  lettered  name. 

With  a capacity  of  more  than  ordinary  dze, 
a giant  in  the  intelledual  world,  he  breaks  through 
the  chains  with  which  authority  or  tradition  had 
fettered  the  human  mind,  fubdues  the  errors 
iormed  and  todered  by  fuperdition  and  ignorance, 
pades  the  columns  dxed  as  the  boundaries  of  hu- 
man knowledge,  and  opens  new  tracds  of  light  and 
regions  of  truth,  that  were  before  thought  incapable 
of  culture  or  profit;  intent  as  it  were  upon  nothing 
but  truth,  or  .in  his  own  noble  language,  van- 
quidied  wdth  the  immortal  love  of  truth.”  While 
he  detedls  and  proferibes  vulgar  errors,  he  commits 
no  outrage  upon  the  ancient  occupiers,  nor  offers 
any  grofs  infult  upon  the  common  fentiments  of 
mankind.  Nor  have  we,  fays  he,  fet  off  ourfelves 
with  glory  to  draw  a majedy  upon  our  inventions, 
cither  by  triumphs  of  confutation,  or  depodtions 
of  antiquity,  an  ufurpation  of  authority,  or  the  veil 
of  obfeurity.  Thus  with  a fuperiority  wdthout  the 
pride  of  genius,  we  need  not  w'onder,  that,  humble 
as  the  humbled  child  of  faith,  he  difavows  what- 
ever does  impair  or  intrench  upon  facred  truth,  and 
addreffes  the  Lord  for  afddance  and  illumination 
in  his  arduous  undertaking."^ 

The  end  of  natural  philofophy  is  to  increafe 
either  the  knowledge  or  power  of  man,  and  en- 
able him  to  underhand  the  w’ays  and  procedure  of 
nature.  By  difeovering  the  laws  of  nature,  he  ac- 
Quires  knowledge,  and  obtains  power;  for  when 

thefe 
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thefe  laws  are  difcovcrcd,  he  can  nfe  them  as 
rules  of  pradice,  to  equal,  lubdue,  or  even  excel 
nature  by  art.  Upon  the  difeovery  ot  thefe  laws, 
depends  the  perfedion  of  philofophy,  and  the  en- 
largement of  human  knowledge  and  power. 

For  this  great  end  Lord  exhibits  a more 

perfed  method  of  employing  the  rational  faculty 
than  mankind  had  been  accullomed  to;  and  flievvs 
them  in  what  m.anncr  they  may  exalt  and  improve 
the  underhand ing,  conquer  the  d i flic ul tics,  and  re- 
move the  obfeurities  ot  nature.  The  firh  part  of 
his  Novum  Organum,  which  may  be  called  agram^ 
mar  of  the  language  of  nature^  is  dcligned  to  pre- 
pare and  purify  the  mind,  that  it  may  be  ht  to 
receive  the  inifrudions,  and  ufe  the  inhruments 
laid  down  in  the  fecond  part. 

The  hum.an  mind,  like  a mirror,  muff  be 
fmoothed  and  polid-cd,  freed  from  falfe  imagina- 
tions and  perverted  notions,  before  it  is  fit  to  re- 
ceive and  refied  the  light  of  truths  and  juh  infor- 
mation. You  may  therefore,  with  the  Pythagore- 
ans, lay  it  dow'n  as  a maxim,  that  human  advance- 
ments Ihould  be  preceded  by,  or  accompanied 
■with,  a fuitable  degree  of  purification  ; for  as  the 
difeafed  eye  endures  not,  till  it  be  rehored  to  health, 
the  view^  of  bright  objeds,  fo  neither  can  the  mind, 
without  due  purification,  fteadil.y  contemplate  the 
beauty  and  fplendor  of  truth. 

We  muff  therefore,  in  the  purfuit  of  truth, 
diveft  oLirfdves  of  all  the  idols  or  falfe  notions 
that  pofiefs  the  mind.  To  every  bias  of  the  under- 
llanding,  by  which  a man  may  be  mifled  in  judg- 
ing, or  be  drawn  into  error.  Lord  Bacon  gives  the 
name  of  idol\  a word  that  juflly  charadcrifes  falfe 
fcience;  for  erroneous  knowledge  is  a fpecics  of 
idolatry,  a worfhippaid  to  falfe  gods,  w hich  is  only 
due  to  the  true  one. 

II  3 
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All  falfehood  is  oppofite  to  truth.  Error  is 
that  falfehood,  which  availing  itfelf  either  of  the 
weaknefs  ot  the  underjiandingj  the  depravity  of  the 
‘willy  or  the  undue  influence  of  the  imagination^ 
affumes  the  appearance  of  truth.  ' Truth  is  the 
health,  error  the  diforder  of  the  mind.  By  puri- 
f}dng  the  mind  from  error,  you  will  become  a fit 
receptacle  for  divine  truth  ; by  purifying  your 
hearts,  you  w’ill  bp  conjoined  to  divine  goodnefs^ 
and  will  epjoy  the  happinefs  refulting  from  fo  ex- 
alted a conjunction. 

The  idols  of  the  mind  are  either  acquired  or 
natural,  proceeding  from  the  dodrines  and  opi- 
nions of  men,  the  perverted  and  corrupt  law  s and 
methods  of  demonffration,  or  elfe  are  inherent  in 
the  very  conftitution  of  the  mind  itfelf.  Your 
firfl:  labour  fbiould  therefore  be  to  liberate  the 
mind  from  falfe  theories  ; the  next  fhould  be  to  re^- 
jeafe  it  from  the  flavcry  of  perverted  demonftra- ' 
tipns  ; and  thp  laft  to  put  a check  upon  it’s  owm 
feduhtive  powers,  and  either  pluck  out  the  inherent 
idols,  or  fo  to  watch  over  them  that  the  depravities 
they  occafion  may  he  corrected.  It  is  a long  time 
before  we  can  be  brought  to  fee  any  thing  amifs  in 
the  way  we  have  been  ufed  to ; and  even  when  we 
do,  it  is  not  eafy  to  change  what  is  w rong.  Where 
there  is  a chain  of  prejudice  or  wTong  bias  on  the 
underdanding,  it  will  neithey  perceive  clearly,  nor 
adhere  firmly,  to  the  truth ; it  will  confound  things 
that  are  difierent,  aqd  obfeure  things  that  are  clear. 
'Fhe  taflc  is  difficult,  but  the  reward  is  great. 

It  is  therefore  incumbent  on  evpry  philofo- 
pher  to  cultivate  a difpofitiop  of  mind,  which  will 
make  him  open  to  convidiiqn,  and  ready  tp  ac- 
knowledge and  re’iTify  mifiakes.  An  obftinate  ad- 
herence to  error  geiieraily  arifes  from  felf-conceit,  « 
ora  bigotted  attachment  to  a fyfiehn.  True  wifdpm 
is  ever  accompanied  with  difiidence  and  humility. 

* ' " Lord 
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Lord  Bacon  divides  the  unfavourable  prepof- 
fefTions  of  the  mind  into  four  dalles  ; the  idols 

OF  THE  TRIBE,  IDOLS  OF  THE  DEN,  IDOLS  OF  THE 
MARKET,  IDOLS  OF  THE  THEATRE.* 

The  idols  of  the  tribe  are  thofe  which  are 
common  to  all  men,  fuch  as  befet  the  whole  fpe- 
cics;  they  arife  from  the  principles  of  the  human 
conftitiition,  and  may  have  their  ulcs  in  the  pre- 
fent  Rate  of  human  nature  ; but  by  excefs,  or  defeat, 
or  wrong  direction,  lead  us  into  much  error.  The 
human  underRanding  refembies  a mirror  of  an  ir- 
regular furface,  which  mixing  it’s  own  nature  with 
the  nature  of  things,  diftorts  and  perverts  them. 
Philofophers  diould  always  endeavour  to  conceive 
things  as  forming  part  of  the  univerfe,  and  as  hav- 
ing their-appropriate  office  and  ufe  therein ; whereas 
they  are  too  apt  to  confider  them  only  as  they  have 
fome  particular  relation  to  the  fenfeSy  a way  by 
which  you  will  never  difeover  their  fyftematical  or 
cofmical  ufe  and  qualities. 

The  idols  common  to  hurnan  nature  are  fo 
numerous,  that  a few  only  of  them  can  be  confidered 
in  this  place:  of  thefe  the  firlt  is  authority y\ 
by  which  men  arc  prone  to  be  led  too  much  in  their 
opinions. 

It  affixes,  as  it  were,  the  feal  of  infallibility 
on  thefe  opinions,  it  bars  the  door  of  fcience,  and 
in  a meafure  dedroys  the  hopes  of  pofterity.  We 
ought  ever  to  prels  forward,  nor  ever  conceive 
that  the  labours  of  one  man  can  have  fet  limits  to 
human  knowledge;  or  hearken  to  thofe,  who,  hav- 
ing eredled  an  idolatrous  temple  to  his  fame,  would 
have  us  ftop  and  worfliip,  nor  prefume  to  pafs  the 
boundaries  they  have  marked  for  human  reafen.j 

H 4 There 

* laola  tribus,  idola  fpecus,  idola  fori,  idola  theatri, 

+ Reid  on  the  Intelleftual  Powers  of  the  Mind,  p.  653. 

t Young’s  EfTay  on  the  Powers  and  Mechanifm  ot  Nature, 
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There  never  was  more  necefiity  than  at  prefent  to 
point  out  the  dangers  arifing  from  the  influence  of 
authority,  as  you  will  find  fome  philofophers  * re- 
quiring an  implicit  faith  in  the  opinions  they  have 
adopted  ; not  confldering  that  while  our  knowledge 
remains  imperfed:,  our  opinions  muff  be  mingled 
wdth  error.  It  is  from  this  implicit  truff  upon  the 
credit  and  blind  errors  of  others,  that  fpring  all 
thofe  vulgar  errors  cheriflied  from  age  to  age  by 
the  blindnefs  of  prejudice  and  inveteracy  of  habit. 

In  all  matters  within  our  cognifance,  every 
man  mufl:  be  determined  by  his  own  final  judg- 
ment, otherwife  he  does  not  act  the  part  of  a ra- 
tional being.  Authority  may  add  weight  to  one 
fcale,  but  man  holds  the  ballance  and  judges  what 
weight  he  ought  to  allow  to  authority.  No  claim  can 
deprive  us  of  this  right,  or  excufe  us  fornegleding 
to  exercife  it.  Authority y however,  has  it’s  ufe ; 
in  the  firff  part  of  life  we  have  no  other  guide, 
and  without  a difpofitlon  to  receive  implicitly 
what  we  are  taught,  we  fhould  be  incapable  of  in- 
ftrudion,  and  incapable  of  improvement.  Even 
when  judgment  is  ripe,  there  are  many  things  in 
which  we  are  incompetent  judges.  In  fuch  matters 
it  is  moff  reafonable  to  rely  upon  the  authority  of 
thofe,  whom  wc  believe  to  be  competent  and  difin- 
terelfed.  In  matters  that  we  have  accefs  to  know, 
authority  always  will  have,  and  ought  to  have,  more 
orlefs  weight  in  proportion  to  the  e vidence  on  w’hich 

our 

* The  following  paragraphs  are  fpecimens  among  many  of  the 
undue  influence  given  to  names. 

“ Sir  Ifaac  Newton  is  the  perfon  to  whom  we  owe  thefe  ob- 
ligations, and  who  is  henceforth  to  beconfidered  as  our  only  fart 
guide  and  infiruElor.’'  Again,  “ Newton  has  difeovered  the 
chaos,  and  feparated  the  light  from  the  clarknefs  ; his  inimitable 
work,  the  Mathematical  Principles  of  Natural  Philofophy,  con- 
tains the  true  afronomical  faith  ; and  thofe  U'ho  rcjcEl  it' -T doctrines y 
are  the  worjl  oj  herctiesy  as  they  fhut  their  eyes  agairiil’the  cleaielf 
of  all  light,  demonflralion.” 
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our  judgment  refts^and  the  opinion  we  have  of  the 
judgment  and  candour  of  thole  who  dilfer  from 
or  agree  with  us.  Our  rcfpedl*  for  authority  may 
therefore  be  too  greats  or  too  fmall.  dhe  modeff 
man,  confeious  of  his  ov/n  fallibility  in  judging,  is 
in  danger  of  yielding  too  much  to  authority;  the 
arrogant,  of  giving  too  little. 

2dly.  The  mind  is  apt  to  form  imaginary 
relations,  and  to  fuppofe  a greater  regularity  and 
uniformity  among  things  than  what  really  exifts. 
Our  natural  impatience  is  continually  leading  us 
to  refer  all  events  to  certain  general  laws,  and  pre- 
vents our  following  the  How,  but  fure  method  of 
inveftigation.  And  though  many  things  in  nature 
are  in  feme  meafure  fingular,  or  extremely  dilTimi- 
lar,  the  mind  is  feigning  parallels,  correfponden- 
cies,  and  imaginary  analogies,  which  have  no  exift- 
ence.  Arguments  from  analogy  readily  prefent 
themfclves  to  a warm  imagination,  while  thofe 
that  are  deduced  from  experiment  and  obfervation 
require  ftrong  exertions  of  the  mind,  and  cannot 
be  formed  v/ithout  attention  and  application. 

In  the  faiTie  manner  w’c  are  apt  to  conceive  a 
greater  fimplicity  in  nature,  than  there  really  is. 
To  love  fimplicity,  and  to  be  pleafed  w’ith  it  wTere- 
ever  we  find  it,  is  no  imperfedtion,  but  the  con- 
trary. There  is  without  doubt  in  every  part  of 
creation  all  the  beautiful  fimplicity  which  is  con- 
liflent  w'ith  the  end  for  which  it  was  made.  The 
more  we  know,  the  more  we  difeover  the  unifor- 
mity and  fimplicity  in  nature,  when  compared 
with  the  vaft  extent  and  variety  of  operations 
therein.  But  if  we  hope  to  difeover  how  nature 
brings  about  it’s  ends  merely  from  this  principle, 
that  it  operates  in  the  fimplefi:  and  belt  way,  w'c 
deceive  ourfelves,  and  forget  that  the  wifdom  ope- 
rating in  nature  is  more  above  the  w ifdoin  of  man, 
than  man’s  wifdom  is  above  that  of  a child.  It  is 

5 indeed 
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indeed  a maxim  in  philofophy,  we  mufr  not  impute 
to  many  caiiies  what  can  be  ctfedlcd  by  one  ; this 
principle  is  no  doubt  right,  but  how  are  we  to 
judge  what  is  fimple,  or  what  is  oeconomical  in 
nature  ? only  by  endeavouring  to  difeover  every 
thing  that  is  necelTary  to  the  produdion  of  this 
effedt,  and  mull  ufe  in  our  explanation  every  caufc 
thus  difeovered,  whether  they  be  many  or  few. 

It  was  believed  lor  manv  ao-es,  that  all  the  va- 
ricty  of  concrete  bodies  we  find  on  this  globe  is 
reducible  to  four  elements,  of  which  they  arc  com- 
pounded, and  into  which  they  may  be  refolvcd.  It 
was  the  fimplicity  of  this  theory,  not  any  evidence 
from  fadt,  that  made  it  fo  generally  received  ;-for 
the  more  it  is  examined,  \ve  lind  lefs  ground  to  be- 
lieve it. 

When  a real  caufe  is  difeovered,  the  fame 
love  of  fimplicity  leads  men  to  attribute  to  it  ef- 
fcdls  whi;h  are  beyond  it’s  province.  A medicine 
that  is  found  to  be  of  great  ufe  in  one  diftemper, 
commonly  has  it’s  virtues  multiplied  till  it  be- 
comes a panacea.  In  other  branches  of  know- 
ledge the  fame  thing  olten  happens.  When  our 
attention  is  turned  to  any  particular  caufe  capable 
of  producing  remarkable  effects,  there  is  great 
danger  of  extending  it’s  infiuence,  upon  flight  evi- 
dence, to  things  with  which  it  has  no  connection. 

We  are  in  the  dark  with  reo;ard  to  the  real ' 
caufes  of  the  greater  part  of  the  phenomena  of  na- 
ture, and  have,  at  the  fame  time,  an  avidity  to 
know  them ; hence  ingenious  men  frame  con- 
jedtures,  which  thofc  of  weaker  underftandings 
take  for  truth.  The  fare  is  coarfe,  but  appetite 
makes  it  go  down. 

3dly.  The  mipd,  when  it  is  once  pleafed  with 
certain  things,  has  a natural  tendency  to  draw  all 
Qtliers  to  confent  and  go  along  with  them  ; and 
thourh  the  number  of  inilanccs  that  make  for 

^ ' • the 
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the  contrary  is  greater,  yet  it  either  does  not 
attend  to,  or  deTpifes  them,  often  rejeding  them 
by  fome  frivolous  diflincHon,  pointed  out  by  a 
ftrong  and  pernicious  prejudice,  in  order  to  main- 
tain the  authority  of  it’s  firff  choice  unviolatcd. 
Viagords,  on  being  Ihewed  in  the  temple  of  Nep- 
tune many  votive  pt^ture^y  of  Inch  as  had  efcaped 
ihipwreck,  was  afked  by  his  guide  whether  he  did 
not  acknowledge  the  divine  power?  wifely  an- 
fwered,  mCy  firjly  zvbere  iboj'e  are  painted  that 

zvsre  Jhipivrecked  after  having  thus  paid  their 
vozvs  f Hence  alfo  in  inofl:  cafes  of  fuperffition,  as 
of  affrolcgy,  dreams,  judgments,  &c.  thofe  w'ho 
find  pleauire  in  fuch  kind  of  vanities,  always  ob- 
ferve  where  the  event  anfwcrs,  but  flight  and  pafs 
by  the  more  frequent  inffances  where  it  fails.  The 
imagination  is  fo  captivated,  that  the  powers  of 
realon  are  incapable  of  freeing  it  from  the  enchant- 
ment. This  mifehief  ditfufes  itfelf  fill  more  fub-r 
tilly  in  philofophy  and  the  fciences,  where  that 
which  has  once  pleafed  infedts  and  fubdues  all 
other  things,  though  much  more  fubflantial  and 
valuable  than  itfelf.  The  mind  is  always  alfo 
more  moved  and  excited  by  affirmatives  than  by 
negatives,  whereas  it  fiould  duly  and  equally 
yield  to  both.  In  railing  of  true  axioms\  negative 
inftances  have  the  greatefl  force. 

qthly.  The  human  intelletll  is  moft  moved  and 
captivated  by  thofe  things  that  flrike  and  enter  it 
at  once,  filling  and  fweihng  the  imagination;  but 
for  the  reft,  it  feigns  and  fuppofes  them  in  an  im- 
perceptible manner  to  be  like  thofe  few  that  pof- 
Tefs  the  mind.  We  have  a general  difpolition  to 
meafure  things  lefs  known  and  familiar  by  thofe 
that  are  better  known  and  niore  familiar  ; where- 
as the  underftanding  is  flow,  and  unw  iiling  to  pafs 

to 
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io  remote  and  d{(]imilar  injlanceSy  whereby  axioms 
are  tried  as  it  were  by  the  fire. 

This  natural  pronenefs  to  judge  of  things  lefs 
•known  by  thofe  that  are  familiar  and  better  known, 
muft  not,  however,  be  altogether  laid  afide,  as  it 
is  the  foundation  of  all  analogical  reafoning,  to 
which  we  are  indebted  for  a great  part  of  our 
knowledge.  It  is  difficult,  however,  to  judge  how 
far  we  may  venture  upon  it.  The  objeffs  of  fenfe 
engrofs  our  thoughts  in  the  firfl:  part  of  life,  and 
are  moff  familiar  through  the  whole  of  it.  Hence 
in  all  ages  men  have  been  prone  to  give  human 
pailions,  frailties,  &c.  to  fuperior  intelligences. 
Hence  the  difpofition  in  men  to  materialize  every 
thing,  and  to  apply  their  notions  of  material  ob- 
jed-S  to  things  of  another  nature.  Hence  the 
many  crude  and  ill-digefled  theories  on  our  ideas. ^ 
The  milfakes  in  common  life,  which  are  owing 
to  this  propenlity,  are  innumerable.  Hence  the 
felfifh  man  thinks  all  pretences  to  benevolence  and 
public  fpirit  to  be  mere  hypocrify,  and  felf-deceit: 
while  the  generous  and  open-hearted  eafily  be- 
ll fair  pretences,  and  confider  men  as. better 
than  they  really  are. 

5thly.  Another  idol  of  this  tribe  has  it’s  ori- 
gin in  the  natural  refUefsnefs  of  the  human  tinder- 
Ifaiiding,  always  moving,  but  far  too  often  to  no 
purpofe,  as  when  it  is  in  fearch  of  things  beyond 
it’s  reach.  There  is  not  a greater  fource  of  error 
than  in  the  mifapplication  of  our  nobleft  intel- 
iedual  power  to  purpofes  for  which  it  is  incom- 
petent. 

The  w'orks  of  men,  and  the  works  of  God,  arc 
not  of  the  fame  order.  The  force  of  genius  may 
enable  a man  perfectly  to  comprehend  the  former. 
Wnat  is  contrived  and  executed  by  one  man,  may 
be  perledly  underftood  by  another.  He  may 

from 
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from  a part  conjcdturc  the  whole,  or  from  cifedls 
may  conjedhire  the  caufes,  becaufc  they  are  the 
dfeds  of  a wifdom  not  fuperior  to  his  own.* 

But  the  works  of  creation  are  contrived  and 
executed  by  a power  and  wifdom  infinitely  fupe- 
rior to  that  of  man.  And  when  men  attempt,  by 
the  force  of  genius,  to  difeover  the  caufes  of  the 
phenomena  in  nature,  they  have  only  a chance  of 
going  wrong  more  ingenioufly.  Their  conjectures 
mav  appear  very  probable  to  beings  no  wifer 
than  thcmfelvcs  ; but  they  have  no  chance  to  hit 
the  truth.  They  arc  like  the  conjedures  of  a child^ 
how  a ihip  of  w^ar  is  built,  and  how  it  is  managed 
at  fea.  It  gratifies  the  pride  and  natural  propen- 
lity  of  the  human  underfianding  ; but  it  is  an  at- 
tempt beyond  our  force,  like  that  of  Phaeton,  to 
guide  the  chariot  of  the  fun.  • 

Full  liberty  mud  be  allow'cd  to  our  inquiry, 
■that  natural  philofophy  may  acquire  all  the  cer- 
tainty and  perfedion  of  W'hich  it  is  capable  ; but 
we  mulf  not  abufe  this  liberty  by  fuppojing,  inflead 
of  inquiring,  by  framing  fy Items,  inltead  of  de- 
ducing, the  conflitution  of  things  from  obfervation 
and  experience.  An  attachment  to  fyftcms  pre- 
vents us  from  attending  to  the  real  (late  of  things, 
or  mak-es  us  reject  them,  or  interweave  therewith 
our  own  conceits. 

Syltems  and  hypothefes  in  general,  fA**amcd  by 
philofophers  out  ot  their  own  ideas,  and  feparated 
by  the  mind  from  the  truth  of  things,  were  the 
bane  of  natural  philofophy,  and  for  centuries  op- 
pofed  the  advancement  of  fcience. 

In  all  inquiries  into  the  conflitution  of  na- 
ture, human  genius  may  combine,  but  it  muft  not 
fabricate.  It  may  colled  evidence,  but  .it  mult 
not  fupply  the  want  of  it  by  conjedure.  It  may 

. difplay 
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difplay  it’s  powers,  by  putting  nature  to  the  quef- 
tion  by  well-contrived  experiments ; but  u mufr 
add  nothing  to  her  anfwers. 

6thly.  Another  impediment  and  deviation  of 
the  underftanding  arifes  ficm  the  dullnefs,  incom- 
petency,  and  fallacies  of  the  fenfes.  Hence  the 
things  that  flrike  i.ie  fenfe,  unjuftly  overballance 
thofe  that  do  not  drike  it  immediately.  So  that 
contemplation  ufually  ends  wdth  light, -and  little 
or  no  obfcrvation  is  made  of  thino-s  invisibi.e. 
Hence  all  the  operations  of  the  different  airs  in- 
cluded in  tangible  bodies,  all  fubtii  organizations, 
and  the  motion  of  the  parts,  are  unkno^^  n to  man- 
kind ; yet  unlefs  they  are  dijeovered  and  irought  to 
lighty  no  great  progrefs  can  be  made  in  the  know- 
ledge of  nature  ; for  it  is  hy  Jubiil  ^natters  in  mo- 
tion that  her  chief  operations  are  performed.  Nor 
can  inlfruments  for  improving  and  lharpening  the 
fenfes  be  here  of  any  great  fervice  ; for  all  true 
mterpretations  of  nature  are  made  by  apjxifite  iiu 
fiances  and  experiment,  zvhere  fenfe  judges  of  the 
experiment  only,  and  the  experiment  judges  of  na- 
ture and  the  fact. 

Idols  of  the  den.  Thefe  are  prejudices  that 
take  their  rife,  not  from  the  conftitution  of  human 
nature,  but  from  fomething  peculiar  to  every  in- 
dividual, from  education,  culfom,  and  a variety  of 
other  circumftances.  Our  excellent  logician.  Lord 
Bacon,  feems  to  have  taken  this  appellation  from 
Flatcfs  beautiful  emblem  of  the  cave  ; for  if  any 
one  fhould,  in  his  infancy,  be  educated  in  a dark 
cave,  remaining  there  till  he  was  of  full  age,  and 
fliould  then  of  a fudden  be  brought  into  broad  day- 
iigb/t,  and  behold  the  apparatus  of  heaven  and 
earth,  no  doubt  many  ftrange  and  abfurd  thoughts' 
W'ould  arife  in  his  mind.  And  though  we  live,, 
indeed,  in  the  view  of  heaven,  our  minds  are  con- 
fined in  the  caverns  of  our  bodies,  where  w’e' 
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receive  infinite  images  of  error  and  falfehood,  if  we 
do  not  confrantly  dwell  in  the  contemplation  of 
nature,  as  it  were,  in  the  open  day-light.  This 
emblem  of  Plato  agrees  well  with  the  faying  of 
Heraclitus,  That  men  ft ek  the  fcienccs  in  their  own 
narrozv  zvorldy  not  in  the  wide  one,  further,  as  in 
a cave  objecls  vary  their  appearance  according  to 
the  form  of  the  cave,  and  it’s  manner  of  receiv- 
ing the  light  ; fo  Lord  Bacon  conceives  the  mind 
of  every  man  to  refcmble  a cave,  w'hich  has  it’s 
particular  form  and  particular  manner  of  being 
cnlic^htened,  and  w'hich  from  thefe  circumdances 

O • ^ 

often  gives  falfe  colours,  and  a delulivc  appearance 
to  objeCls  feen  in  it. 

Hence  the  perverfion  and  mifapplication  of 
reafon,and  the  abufe  of  learning,  become  the  fource 
of  many  errors.  Under  this  head  you  may  reckon 
the  rcafoning  from  no  principles  at  all ; the  reafon- 
ing  from  the  principles  of  one  branch  of  learning  in 
the  method  of  another  tlie  reafoning/ro;;?  the  prin^ 
ciples  of  one  to  the  truths  of  another ; or  ladly,  the 
expetiing  the  fame  kind  and  degree  of’conviLlion  in 
the  truths  of  onCy  ztdjich  belong  to  another y *and 
which  it  does  not  admit.  Thefe  four  caufes  arifing 
from  the  abufe  of  learning  will  account  for  m.any 
fcientific  errors.  However  various  the  errors  of  the 
learned  m.ay  appear  to  be,  they  all  originate^  either 
in  the  pride  or  prejudice  of  the  human  mind;  for 
according  to  the  obfervation  of  Lord  BacoUy  of  op- 
pofite  errors,  the  caufes  of  erring  arc  comnrtonly 
the  fame. 

Though  it  may  appear  abfurd  that  any  one 
fliould  re  af on  from  no  principle  at  alf  yet  is  it  an 
error  of  great  and  extcnfive  influence.  Great  are 
the  powers  of  the  human  mind,  but  her  prefumption^ 
is  ftill  greater.  Not  content  to  be  employed  upon 
fuch  principles  and  materials  as  are  provided  for 
her  ufe  by  Providence,  and  the  natural  date. of 

i things;^ 
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things,  in  a flow  and  fobcr  cxercife/vainly  prcfum- 
ing,  by  an  action  and  operation  of  her  own,  to  in- 
vent others  of  a fiiperior  order,  by  whofe  alliftance 
Ihe  may  foar  with  a rapid  wing  into*the  polleflion 
of  the  fublimeft  truths ; buoyed  up  into  the  ain 
by  thefe  felf-inventions,  die  attempts  unbounded- 
flights  into  the  fertile  but  delulive  regions  of  ima- 
gination. Hence  we  often  fee  philofophers  led 
by  trains  of  folid  reafoning  to  the  temple  of  fplen- 
did  and  delufive  errors. 

The  other  three  caufes' juft  enumerated  have 
their  origin  in  prejudice  arifing  from  partial  and 
inveterate  habits.  Man  is  altogether  the  creature 
of  habit  ; all  his  virtues  are  habits ; all  his  vices 
are  habits;  habit  has  it’s  fway  alfo  over  his  mind 
both  in  the  elegant  and  fcientific  parts  of  learning. 

As  the  ear  is  prepared  and  qualified  by  habit 
for  the  enjoyment  of  mulic,  the  eye  for  that  of 
painting,  and  every  other  part  of  the  mental  and 
corporeal  frame  adapted  to  it’s  proper  objedt;  fo  is 
the  mind  prepared  and  qualified  by  habit  for  the 
fearch  and  relilb  of  every  kind  of  truth. 

But  this  fame  habit,  which  is  the  friend  to  all 
knowledge,  by  being  too  long  and  too  clofely  con- 
fined to  the  fame  objedl,  employments,  and  pur- 
fuits,  generates  a prejudice,  and  confirms  a parti- 
ality which  generally  cramps  and  confines,  and 
often  weakens  anddeftroys  the  powers  of  the  mind. 
Being  addicled  to  one  fet  of  principles,  habituated 
to  one  train  of  reafoning,  and  accuftomed  to  one 
fpecies  of  concluftons,  they  are  difquaiified  by  the 
very  habits  of  ftating,  reafoning,  and  concluding, 
and  by  their  very  fuccefs  in  fume  parts  of  learn- 
ing, from  profecuting  truth  m others.* 

Men  are  fond  of  particular  fciences  and  ftu- 
dies,  either  when  they  believe  themfelves  the 
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authors  or  inventors  thereof,  or  becaufe  they  have 
bellowed  much  pains  upon  them,  or  applied  them- 
felves  thereto.  A man  whofe  thoughts  have  been 
confined  to  a certain  track  by  his  profeflion,  or 
manner  of  life,  is  very  apt  to  judge  wrong  when 
he  ventures  out  of  that  track.  He  is  apt  to  draw 
every  thing  within  the  fphere  of  his  profeflion,  to 
W'reft  and  corrupt  every  new  contemplation  w ith 
his  habitual  idea,  and  to  judge  of  things  by  max- 
ims which  have  no  relation  to  them. 

Arijiotle  turnilhes  us  with  a lignal  example  of 
the  foregoing  obfervations  ; he  made  his  natural 
philofophy  fuch  a have  to  his  logic y as  to  render  it 
contentious,  and  in  a great  manner  ufelefs.  The 
mere  mathematician  is  apt  to  apply  meafure  and 
calculation  to  things  incapable  of  being  meafured  : 
dired;  and  inverfc  ratios  have  been  applied  to  mea- 
fure human  ad'ections,  and  the  moral  worth  of 
adions.  An  eminent  mathematician  attempted  to 
afeertain,  by  calculation,  the  ratio  in  which  the  evi- 
dence ot  fads  muft  decreafe  in  the  courfe  of  time, 
and  fixed  the  period  when  the  evidence  of  the  fads, 
on  which  chriftianity  is  founded,  lhall  become 
evanefeent ; and  w’hen  in  confequence  no  faith  fliall 
be  found  on  the  earth.  The  ancient  chemijh  w^rc 
w'ont  to  explain  all  the  myflerics  of  nature,  and  even 
of  religion,  by  fait,  fulphur,  and  mercury. 

I'hc  great  and  radical  difierence  of  capc  ci:ies 
as  to  philofophy  and  the  fciences,  lies,  fa)  s our 
noble  author,  in  this ; that  fome  are  flrongcr  and 
fitter  to  obfervethe  differences  of  things,  others  to 
obferve  their  correfpondences.  A ffcady  and  lharp 
genius  can  fix  it’s  contemplations,  and  dw'di  and 
faften  upon  all  the  fubtilty  of  differences.  While 
a fublipie^  genius,  with  a quick  conceptioxi,  per- 

lerai 
into 
;efs ; 


eives  ana  compares  the  tmalJclt  and  mod;  gc 
agreement  of  things  ; both  kinds  eafily  falling 
Jl.  1 


■ri4  Li^ctures  on  Natural  Philosophy. 

cxccfs  ; the  one  by  grafping  at  the  dividing 
the  other  by  embracing  the  lliadovvs  of  things.  ^ 

'I  o contemplate  nature  and  bodies  in  their 
Imtplicity,  breaks  and  grinds  the  iindcrftanding;  to 
confider  them  in  their  coniigurations  and  compo- 
litic/ns,  blunts  and  relaxes  it.  I'he  former  is  fo  taken 
up  with  the  particles  of  things,  as  almoftto  negle(ft 
their  Itrudure  : v hile  the  other  views  the  fabri- 
cation with  fo  much  aflonilhment,  as  not  to  enter 
ijuo  the  firnplicity  of  nature.  Both  thefe  kinds  of 
contemplation  fliould  therefore  be  taken  up  by 
turns,  that  the  underfianding  may  at  the  fame  time 
bcpicrcingand  capacious,  anci  rhe  above-mentioned 
inconveniences  with  the  idols  thence  arifing  may 
be  prevented. 

Different  perfons,  either  from  temper  or  edu- 
cation, have  different  tendencies  of  underflanding, 
which  by  their  excefs  are  very  unfavourable  to 
found  judgment.  Some  men  of  genius  are  wrap- 
ped up  in  the  admiration  of  antiquity,  and  con- 
tempt of  whatever  is  modern,-  others  go  as  far  into 
the  contrary  extreme,  and  are  delighted  only  with 
• what  is  novel.  Some  either  quarrel  with  what 
was  juftly  laid  down  by  the  ancients,  or  defpife 
what  is  juftly  advanced  by  the  moderns.  The 
unballanccd  mind  of  man  is  alvvas  fhifting  from  one 
excefs  into  another,  and  rarely  knows  to  fuffain 
itfelf  in  that  jufl  mean  which  right  rcafon  and  pure 
religion  demand.  It  is  inconceivable  to  thofe  who 
^are  cniy  acquainted  with  the  prefent  ffate  of  the 
:learncd  world,  to  what  an  abfitid  height  this  attach- 
ment to  antiquity  v.  as  formerly  carried.  Both  ex- 
tremes are  highly  prejudicial  to  philofophy  and  the 
'fcicnces,  as  being  rather  an  atfectation  of  anliquity 
,.and  novelty,  than  any  true  judgment,  for  truth  is  not 
•to  be  derived  from  any  felicity  of  limes,  which  is 
:an  .uncertain  thing,  but  from  the  light  of  naturq 
^thd  exprriencc,  \\  hich  is  cwernal,  i hefe  affectations 
. >c  • > are 
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arc  therefore  to  be  laid  alide,  and  care  be  taken 
that  the  underftanding  be  not  hurried  away  with 
them. 

Let  contemplative  prudeficCi  fays  our  incompa- 
rable author,  proceed  in  chafing  and  diflodging  the 
idols  of  the  den,  and  learn  to  furped;  whatever  power- 
fully rtrikes  and  detains  the  mind,  ufing  then 
greater  caution  to  preferveyour  underftanding  pure 
and  equable. 

A fpirit  of  prejudice  and  prepofTefTion  is  very 
detririiental  to  philofophy,  it  admits  of  no  im- 
provement but  what  it  brings  from  it’s  own  fund. 
When  a man  has  llrongly  imbibed  any  particular 
notions,  he  inveftigates  nature  not  to  receive  infor- 
mation, but  to  find  fupport  for  his  own  opinions. 

A love  of  novelty  is  alfo  very  injurious  to  real 
truth  ; the  knowledge  of  any  truth  apprehended  as 
ufefui  to  mankind,  is  pleafing  to  the  mind,  and  our 
eagernefs  to  enjoy  this  pleafure  makes  us  often  en- 
tertain a perfuafion  of  knowing  a thing  before  we 
really  do,  or  upon  a very  weak  ground.  It  is  there- 
fore dangerous  'to  pafs  a judgment  upon  anew  dif- 
covery  while  it  is  new ; we  fliould  wait  until  time, 
has  abated  the  fweetnefs  of  novelty,  and  given 
fcope  for  reflection  to  flow  in  from  diferent  quar- 
ters. The  proper  fpirit  for  invefligation,  is  hu- 
mility, fobriety,  calm  confideration,  attentive  in- 
duftry,  and  perfeverance. 

Lord  Bacon  fhews,  that  of  various  prejudices, 

■ there  are  none  fo  troublefome  as  the  idols  of  the 
market,  which  infinuate  themfelves  into  the  mind 
from  the  affociation  of  words  and  terms,  the  im- 
perfedti^pns  and  the  abufe  of  language.  Language 
can  reach  no  further  than  our  notions ; and  if  thefc 
be  vague  and  ill-defined,  the  w'ords  by  which 
we  exprefs  them  mufl:  be  fo  likewife.  A ftronger, 
inftance  of  the  abufe  of  words  can  fcarce  be  found 
‘ than  in  the  nomenclature  of  the  French  chemifts, 

^ 2 defigned 
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defigned  to  prepare  the  mind  for  flavery  by  ''  bab- 
bling a dialed:  of  France.”  For  though  men  be- 
lieve, fays  Lord  Bacon,  their  reafon  governs  words; 
it  alfo  happens,  that  words  retort  and  refledt  their 
force  upon  the  underftanding ; whence  philofophy 
and  the  fciences  have  been  rendered  fophiftical  and 
inaclive.  Words  are  generally  impofed  according 
to  vulgar  conceptions,  and  divide  things  by  lines, 
i.  e.  diftindions  or  differences,  that  are  moft  appa- 
rent to  the  underfcanding  of  the  multitude  : and 
when  a more  acute  underflanding,  or  a more  care- 
ful obfervation,  would  remove  thefe  lines,  to  place 
them  according  to  nature,  w^ords  cry  out,  and  for- 
bid the  alteration.  Flence  it  happens  that  ferious 
difputes  frequently  terminate  in  controverfies  about 
words  and  terms,  which  it  w^ere  better  to  reduce 
to  order  by  definitions.  -But  in  natural  and  ma- 
terial thino;s,  even  thefe  definitions  cannot  remedv 
the  evil,  becaufe  definitions  therafelves  conjift  of 
wmrds,  and  w'ords  generate  w ords  ; fo  that  of  nc- 
ceffity  recourfe  muff  be  had  to  particular  injiances, 
their  feries  and  orders. 

The  fourth  kind  of  prejudices  mentioned  by 
our  author  are  the  idols  of  the  theatrey  which  are 
neither  conflitutional  nor  fecretly  inlinuated  into 
' the  underllanding,  but  palmed  upon  it,  received 
from  fabulous  theories  and  perverted  demonflra- 
tions,  arifing  from  the  fyftems  or  fects  in  w hich  we 
have  been  trained,  or  w'hich  we  have  adopted.  A 
falfe  fyilem  once  fixed  in  the  mind,  becomes  as  it 
were  the  medium  through  which  we  fee  objects; 
they  receive  a tindlure  from  it, ‘and  appear  of  a 
different  colour  from  what  they  do  when  viewed 
by  the  pure  light. 

Ln  Lord  Bacon’s  method  of  jfudying  philofo- 
phy there  is  no  neccfht.y  for  confuting  the  various 
theories  ; yet  that  the  paflage  to  truth  may  be  made 
eaiicr,  and  the  underllanding  the  more  difpofed  to 

cleanfe 
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cleanfe  itfclf,and  put  away  it’s  idols,  without  which 
true  philofophy  can  never  be  eftectually  promoted, 
(for  the  fcicnccs  formed  by  diftempered  minds  will 
partake  of  their  dihempers,)  he  has  clafTcd  fome 
of  the  more  ancient  kind,  and  given  feme  ac- 
count of  them.  He  clafles  them  all  under  three 
heads:  i ft.  The  Sophiftical : 2d.  Empirical:  and 
3d.  SuperftitioLis. 

The  firft  are  the  fophijlical,  who  haftily  take 
up  vulgar  things  from  experience,  without  afeer- 
taining  their  certainty,  or  carefully  examining  and 
weighing  them,  committing  all  the  reft  of  the  w'ork 
to  thought  and  the  difcufTion  of  the  wit:  thefe  he 
compares  to  fpiders,  who  form  their  webs  from 
their  own  bowels  to  catch  unwary  infedfs  in  their 
aerial  flights.  Common  obfervation  and  obvious  ex- 
periments are  not  of  themfelves  fufheient  for  the 
foundation  of  a ferviceablc  philofophy  ; nor  is  the 
common  logic  an  engine  at  all  fuited  to  deal  with 
experiments,  obfervation,  and  nature.  Of  thefe 
we  have  ari  eminent  example  in  Arijiotlc,  who 
corrupted  natural  philofophy  w ith  his  logic.  He 
feemed  to  be  more  follicitous  how  men  might  de- 
fend themfelves  by  anfwers,  and  advance  fomething 
that  fliould  be  pofitive  in  W’ords,  than  to  come  at 


the  inward  truth  of  nature ; and  where  he  had  ex^ 
perience  for  his  guide,  to  wnnd  her  round,  and  lead 
her  captive  to  his  opinions.  Now  as  the  educa- 
tion of  tne  great  fcnoois  is  chiefly  Ari flotcliaiiy  \vc 
fliouid  have  a ftridl  watch  upon  ourfelvcs  in  all 
philofophical  inquiries,  writings,  and  difeourfes, 
that  w e are  not  led  away  w ith  Ariflotelian  no- 
tions. /\.ll  our  common  rcaloning  feems  infected 
with  Ariflotelian  prejudices,  f)  as  to  be  aflededly 
logical  and  captious,  rather  than  juft  and  philofo- 
phical, or  formed  upon  the  true  nature  of  things. 

The  empirical  philofophers  arc  thofe,  who  la- 
bour with  great  diligence  and  accuracy,  in  a few 

^ 3 expefimenrs; 
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experiments ; and  then  venture  to  deduce  theories 
and  build  up  fyftems,  flrangely  wrefting  every  thing 
elfe  to  thefe  experiments.  Bacon  compares  them 
to  infedls  gathering  up  grain,  and  laying  it  by  as 
they  found  it.  The  opinions  produced  by  thefe 
are  more  deformed  and  monflrous  than  thofe  of  the 
fophidical  kind,  as  not  being  founded  in  the  light 
of  vulgar  notions  ( which  are  in  fome  degree  ge- 
neral and  univerfal) ; but  rdl  in  the  narrow  confines 
<md  obfeurities  of  a few  experiments : whence 
fuch  a philofophy  appears  probable,  and  in  a man- 
ner certain, to  the  men  who  daily converfe  with  thefe 
experiments, and  thereby  depravetheir  imagination; 
whilfi:  to  others  the  theories  appear  incredible 
and  vain.  Of  this  you  will  find  examples  in  rnofi: 
of  the  ancient  chemical  writers,  in  Gilbert’s  mag- 
netical  philofophy,  and  that  of  many  moderns,  fom^ 
of  whom  refolveall  difficulties  by  attradf ion,  others 
by  repulfion,  &c.  You  can  never  ufe  too  great 
caution  on  this  head,  for  the  underfianding  is  al- 
ways eager,  and  precipitated  by  it’s  defire  of  bound- 
ing or  Hying  to  general  and  firfi:  principles;  thus 
forming  theories  on  very  feeble  ground.  The  in- 
finite variety  of  natural  objeds,  the  ftupendous 
coincidence  by  which  all  agree  and  all  differ,  muff 
convince  you,  that  no  vigour  of  judgrnent,or  warmth 
of  fancy,  is  equal  to  the  tracing  of  every  pheno- 
menon to  it’s  firft  principles,  or  forming  an  hypo- 
thefis  adequate  to  explaining  all  the  operations  in 
nature. 

There  isalfo  danger  {vomfuperfiitionzndi  theo- 
logy (though  much  lefs  fo  than  heretofore) ; for  the 
imderftanding  is  as  fubjech  to  the  impreflions  of 
fancy  as  thofe  of  vulgar  notions : by  the  former  it 
is  flattered  and  courted,  and  therefore  deceived.  We 
meet  with  this  in  all  theories,  where  firfi:  and  final 
caufes  are  introduced,  and  the  intermediate  ones 
omitted.  We  Ihould  be  careful  in  this  cafe  that 
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^>ve  ,bc  not  led  thereby  to  canonize  error,  and  venc- 
j;ate  vanities.  Some  modern  writers  have  fo  far  in- 
dulged this  flrangc  levity,  as  to  endeavour  the 
founding  of  natural  philofophy  upon  the  firft  chap- 
ter of  Genefis,  and  other  parts  ot  facred  writ ; thus 
leekingjbe  dead  atnong  the  living, 

! The  true  pbilofophery  Lord  Bacon  compares 
to  the  bee,  that  gathers  the  matters  from  the 
fl.pwci-s  of  the  field,  from  which  with  admirable  flcill 
(he.  makes  her  honey.  He  neither  truhs  wholly 
to  his  own  underhanding,  nor  contents  himfelf 
\yith  recording  the  hihoiw  of  mechanical  experi- 
ments ; but  by  reafonjng  Iki'lfiilly  from  them  brings 
forth  truth  and  fcience,  the  great  and  noble  pro- 
duiRion  of  the  human  faculties. 

He  very  properly  reprehends  thofe,  who,  upon 
a weak  conceit  of  fobriety,  'or  ill-applied  modera- 
tion, thought  or  maintained  that  a man  can  fearch 
too  far,  or  be  too  well  hudied  in  the  booJz  of  God's 
vi'Qrdy  or  in  the  book  of  God's  ‘works  ; but  rather  he 
fays,  let  men  awake  themfelves,  and  chearfully  en- 
deavour to  purfue  an  endlefs  progrefs  and  pro- 
ficiency in  both  ; only  jet  tjiem  beware,  left  they 
apply  knowledge  to  pride^  niftead  of  charity,  to 
ohentafion  inftead  of  ufe.,'  ’Healfo  obferves,  thap 
in  the  entrance  of  philofophy,  when  the  fecond 
caiifes,  molt  obvious  to  thedenfes,  offer  themfelves 
to  the  mind,  we  are  apt  to  cleave  unto  and  dwell 
too  much  upon  them,  fo  as  to  forget  what  is  fu- 
perior  thereto  : but  when  we  pafs  further,  and  be- 
hold the  dependence,  continuance,  and  confede- 
racy of  caufes,  and  the  works  of  providence  ; then, 
according  to  the  allegory  of  the  poets;  we  ealily 
believe  that  the  highelt  link  of  nature’s  chain  mult 
needs  be  tied  to  the  foot  of  Jupiter’s  chair,  or 
perceive  that  philofophy,  like /urea’s  vifion,  dif- 
covers  to  us  a ladder,  whofe  top  readies  up  to  tlisc 
footfiool  of  the  throne  of  God. 

I 4 
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Falfe  fchemes  of  natural  philofophy  may  lead 
to  atheifm,  or  fuggeft  opinions  concerning  the 
Deity,  and  the  univerfe,  of  the  mofb  dangerous  con- 
fequences  to  mankind  : and  you  have  the  more 
rcafon  to  be  on  your  guard  on  this  head,  as  the 
philofophers  of  France  have,  for  many  years,  been 
perverting  it  to  the  mod;  dire  and  malignant  pur- 
pofes.  True  philofophy  will  lead  you  to  believe 
in,  and  adore,  the  Supreme  Being;  and  as  it  con- 
tinually exhibits  brighter  and  brighter  indanc!es  of 
his  w’ifdom  and  power,  it  removes  alfo,  in  part, 
that  veil  fpread  over  nature,  which  conceals  from 
our  view^  it’s  awful  depths  and  majed'ic  heights  ; 
and  thus  enables  you  to  fee  the  glories  of  the  Al- 
mighty diining  in  this  iiis  exalted  creation,  and 
hence  indrucSts  you  to  raife  your  voice  in  praifes 
to  Him,  who  is  alone  worthy  to  receive  glory  and 
honour  and  power ; for  it  is  by  Him  that  all  things 
were  created,  and  it  is  by  Him  that  they  are  con- 
tinually preferved. 

That  ONE  great  and  univerfal  mind,  who 
made  all  things  by  his  power,  and  prefe.rves  them 
in  his  goodnefs,  is  the  fird  and  only  caufe,  ope- 
rating at  all  times  and  in  all  places,  and  producing, 
by  an  exertion  of  his  will,  all  the  various  pheno- 
mena of  the  material  fydem.  1 his  drd  and  uni- 
verfal caufe,  however,  in  the  ordinary  adminidra- 
tion  of  his  providence,  hath  condefeended  to  em- 
ploy fecond  caujes  as  the  indruments  of  his  w ill,  by 
which  he  acds  ; which  fecond  caufes  he  hath  alio 
appointed  in  his  wifdom  to  operate  through  every 
part  of  his  creation  by  general  laws.  To  trace  the 
hand  of  the  Almighty  tluough  all  his  works,  to 
invedigate  thefe  general  caufeSy  and  to  erebt  them 
'into  the  laws  of  phyJuSy  is  the  liiblime,  the  de-* 
leclable,  and  honourable  emplo)  ment  ot  the  na- 
turahphilofopher.”  * 

'fo 

* See  Tatham’s  admirable  work,  enialcd,  Scale  and  Cliarl  of 
Truth,  p,  133. 
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To  explain,  therefore,  with  certainty  the  phe- 
nornena  of  nature,  to  remove  their  obfeurities, 
and  obferve  their  influence  and  conneeftion,  is  the 
great  bufinefs  of  philofophy  ; for  xhis  purpofe  the 
obferver  mult  obtain  certain  fixed  points,  which 
may  ferve  as  lignals  to  conducl:  him  in  the  difficult 
path  he  has  undertaken,  and  prevent  his  wander- 
ing too  far  from  the  main  road, 

Phxjical  logic  does  not  confifl:  in  argument, 
but  in  difeovering  facts,  not  what  agrees  with 
principles,  but  the  principles  themfelves.  There 
is  a meaning  and  delign  in  every  operation  of  na- 
ture. The  natural  philofopher  endeavours  to  dif- 
coverthis  meaning,  and  interpret  thefe  defigns  by 
a careful  obfervation  of  her  fteps  ; but  if  the  mind 
hafiily  imbibes,  and  without  diferimination  trea- 
fures  up  the  fir  ft  notices  of  things,  error  will  ever 
prevail  and  remain  uncorrc6tcd  ; for  if  thefe  pri- 
mary notices  are  vitiated,  confufed,  or  inaccurate, 
thofe  derived  from  the,m  will  be  ecjually  defective, 
and  the  knowledge  built  thereon  like  a magnificent 
firucture  on  a bad  foundation. 

The  philofopher,  therefore,  avoids  the  de- 
monflration  o'i  fyllogifm^  becaufe  it  continually  lets 
nature  and  reality  flip  through  it’s  fingers,  and 
wrefis  the ' works  thereof  to  make  them  fquare 
with  the  works  of  men ; whereas  the  works  of  men 
ought  to  be  fiibmirted  and  formed  according  to  the 
works  of  nature  ; fo  that  logical  demonfirations  ap- 
plied to  phyfical  matters  are  only  the  play  of 
words.  He  therefore  takes  indv.F.Jion  for  the  form 
of  demonfiration,  as  it  guards  the  fenfes,  prefles 
nature  clofc,  and  rules  o\ er  her  works. 

Infiead  of  fiving  irnmediatelv  from  the  fenfes, 
and  particulars  to  generals,  (about  whicii  difputcs  ^ 
alvavs  turncd)and  deriving  interiricdiate  jnnnci- 
plcs  from  tlicfe  in  a Ihiort  biit  precipitate  manner, 
a manner  fit  for  controverfy,  but  unfit  to  clofe 

w ith 
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'with  nature,  he  endeavours  to  raife  propofition^ 
by  degrees,  and  thus  arrive  at  geneuil  axiomsi 
axioms  not  notional,  but  well  defined,  and  fucb 
as  are  conformable  to  the  nature,  of  things.  > 

Axioms  raifed,  fays  Lord  Bacon^  by  argumenTi 
ration  can  never  be  ufeful  in  difeovering  new 
works  ; for  there  is  no  mode  of  raifing  axioms, 
but  by  a legitimate  and  proper  form  of  indudlion, 
capable  of  feparating  experience,  and  concluding 
of  necefiity  after  ail  the  proper  rejebfions'  and  ex- 
clufions  are  made.  « 

Beginning  then  with  phenomena,  the  philo- 
fopher  endeavours  to  trace  out  the  proximate 
caufes,  and  rifing  gradually  from  particular  caufes, 
he  proceeds  to  the  more  general,  and  fo  on  by 
furc  and  uninterrupted  fteps,  man  comes  without 
flop  or  gap  to  the  top  round,  or  unity  of  nature ; 
from  whence  he  may  defeend  in  a contrary  order, 
and  from  eflablifhed  principles  explain  "the  phe- 
nomena derived  from  them,  in  no  other  mode  can 
we  be  fure  that  we  affume  the  principles  which 
really  obtain  in  nature,  or  that  any  fyflem  we  may 
Gompofe,  is  not  mere  dream  and  illufion. 

Thus  you  fee  that  the  procefs  of  induclion  is 
an  afeent  from  particular  premifes  to  general  con- 
clufion.  The  evidence  of  fuch  .general  conclufion 
is  only  prohahUy  not  derncinfiratwe  \ yet  if  the  in- 
dudion  be  fufficicntly  copious  and  properly  con- 
duced, it  forces  convidtion  as  ilrongly  as  demon- 
firration. 

: ' Mere  reafoning  will  carry  a man  but  a very 
little  way  in  mofi  fubjects  ; but  by  obfervation  and 
experiments  properly  conducted,  the  Ifock  of  hu- 
man knowledge  may  be  continually  enlarged. 

Before  the  philofopher  forms  his  judgment, 
he  muh,  by  accurate  experiments,'  and  diligent 
obfervations,  fearch  out  how  lar  the  phenomenon 
he  is  invefiigating  is  infiucnccd  by  others,  and 

this 
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■this  in  all  poffiblc  cafes  and  circnmflancfSj  by" 
M'hat  modificarions  it  is  affebled,  and  in  what  pro- 
portion it  is  combincci  and  connected  with  other 
effeefts:  he  will  thus  endeavour  to  obtain  an  exabt 
notion  of  the  objeCl  of  his  refearches,  and  rnarchT 
ing  fblidly  towards  truth,  he  will  interrogate  na- 
ture with  fuccefs ; being  careful  to  fbop  where 
no  experimental  proof  can  be  procured,  and  not 
prefurning  where  tlie  fubtilty  of  nature  carries 
things  out  of  his  reach  ; for  he  might  as  well  pre- 
tend to  build  without  materials,  as  to  form  with- 
out obfervation  and  experiment  a rational  fyftem 
of  natural  fcicnce. 

General  principles  cannot  be  eflablifned  with 
folidity,  without  numerous  experiments,  and  m.any 
obfervations  on  the  fame  individual  fubjedt,  and 
then  on  different  fubjedh  of  the -fame  fpecies : 
their  probability  is  greater  as  the  obfervations  on 
which  they  are  founded  are  more  numerous,  and 
accurately  performed : all  exceptions  being  then 
made,  a found  and  ferviceable  portion  of  truth  will 
be  left  behind  as  a general  axiom.  By  a repe- 
tition of  the  fame  induffrious  procefs  and  labo- 
rious inveffigation,  he  advances  from  general  to 
more  general,  till  at  laft  he  is  able  to  form  a few 
of  the  moft  general,  with  their  attributes  and  ope- 
rations, into  axioms^  or  Jecondary  principles^  which 
are  the  well-founded  laws  enaded  and  enforced 
by  the  God  of  nature.” 

Having  difeovered  any  of  thefe  law's  or 
caufes,  it  becomes  the  bufinefs  of  philofophy  to 
trace  them  in  all  their  effeds,  and  to  predid  fimi^ 
Jar  appearances  from  fimilar  previous  fftuations. 
The  philofopher,  by  knowdng  what  will  be  the 
refult  of  putting  things  into  a variety  of  circum- 
ffances,  becomes  mafter  of  the  powers  of  nature, 
and  can  apply  them  to  ufeful  purpofes  of  life  ; and 

thus 
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thus  does  knowledge,  as  Lord  Bacon  obferves, 
become  power. 

The  ancient  logic,  far  from  correcting  what 
was  wrong,  ferved  rather  to  fix  error  in  the  mind 
than  open  the  way  to  truth.  Lord  Bacon  had  to 
begin  anew,  and  lay  down  fuch  rules  for  the  work- 
ings of  the  mind,  as  would  never  leave  it  to  itfelf; 
as  if  the  bufmefs  was  to  be  performed  by  a ma- 
chine (an  organum),  which  would  fettle  the  de- 
grees of  certainty,  and  contrive  fuch  ways  of  fub- 
mitting  things  to  the  fenfes,  as  that  a true  judg- 
n'ient  mdght  be  formed  concerning  them.  Being 
convinced  by  careful  obfervation,  that  the  human 
under  ft  an  ding  perplexes  itfelf,  and  docs  not  make 
a fober  and  advantageous  ufe  of  the  real  helps 
within  it’s  reach  ; and  that  this  occalioned  mani- 
fold ignorance  and  many  inconveniences  ; he 
employed  his  utn'iofl  endeavours  to  refiorc  and 
cultivate  a juft  and  legitimate  familiarity  between 
the  mind  and  things,  by  raifing  a new  arty  in 
w’hich  reafon  and  experience  fliould  be  joined  to- 
gether for  the  improvement  ot  philofophy.  This 
eftabliflmient  of  a new  logic  is  called,  by  our  au- 
thor, the  art  of  interpreting  nature. 

The  end  of  the  new  logic  is,  as  \ve  before 
obferved,  to  find  not  argiments  but  arts  ; not  what 
agrees  with  principle,  but  principles  chemfelves  ; 
not  probable  reafons,  but  plans  and  defgns  ot 
works;  a different  intention  produces  a different 
eifed:.  In  one  the  adverfary  is  conquered  by  dif- 
^putCy  in  the  other  nature  by  works.  And  fuitable 
to  this  difference  of  the  defign,  is  the  nature  and 
order  of  the  demonftrations,  which  here  is  purely 
inductive.  Thofe,  therefore  who  determine  not  to 
conjedure,  but  to  find  out  and  know,  not  to  in- 
vent AA-'/ci  and  roman s f worlds y but  to  look  into 
and  dilfect  tfie.  nature,  of  this  rcal.zporldy  muff  oniy 
confult  things  themfelves.  Nor  can  a,ny_force  of 

genius. 
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genius,  flrctch  of  thought,  or  fubtilty  of  argument, 
be  fubhituted  for  labour,  fearch,  and  infpection. 

The  k-novvJcdgc  and  power  ot  man  are  coin- 
cident ; for  while  he  is  ignorant  of  caufes,  he  can 
produce  no  dfcdls.  Nature  is  only  to  be  conquered 
by  fubmilTion,  by  condefeending  to  inquire  intO' 
and  obferving  her  methods  of  w orking,  as  a fervant 
would  learn  thofe  of  his  mailer.  No  power  of  man 
can  break  the  natural  chain  of  caufes  ; fo  that  the 
only  method  whereby  man  can  rule  nature,  mull 
depend  upon  learning  her  ways.  And  good  hopes 
can  only  then  be  conceived  of  the  fcience,  when  by 
continued  fleps,  like  real  flairs  uninterrupted  or 
unbroken,  men  ihall  afeend  from  particulars  to  leffer 
axioms,  and  fo  on  to  middle  ones,  and  from  thefc 
again  to  higher,  and  laftly,  to  the  highcfl  of  all-; 
and  thus  difeover  tht  forms  or  atllve  laws  of  nature, 
by  zvbich  all  things  exiji  and  have  their  effects,  I'o 
the  difeovery  of  thelc  laws  we  are  continually  di- 
recled  by  Lord  Bacon,  as  to  a thing  that  alone  will 
conllitute  a jull  and  univcrfal  theory,  and  diree'l  to 
^an  extenlive  pradlice.  His  Injiauration,  or  fcheme 
for  rebuilding  arts  and  fciences,  depends  upon  the 
difeovery  of  forms.  But  thefe  forms  or  laws  can  be‘ 
truly  invclligatcd  by  no  other  means  than  that  -of 
■induction. 

It  is  therefore  of  the  utmofl  importance  in 
philofophy  to  afeertain,  as  accurately  -as  polhble, 
the  general  powers  in  nature,  to  determine  their 
caufes,  and  trace  their  confequences  ; tor  as  the 
phenomena  of  nature  are  infinite,  and  the  faculties 
of  the  human  mind  are  limited,  thefe  phenomena, 
when  eonfidered  as  unconneCied  with  other  fads, 
convey  bur  little  inftruCtion.  The  infinite  not  be- 
ing the  object  of  fcience,  till  the  forms  or  lavvs  of 
nature  be  Known,  by  careful  obfervation  and  accu- 
rate inducuon,  no  progrefs  can  be  made  in  natural 
philofophy. 

Hence 
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Hence  the  necefTicy  of  collatihg  and  connccfl* 
ing  correfponding  facets,  and  the  advantage  of  re- 
ducing them  to  certain  axioms,  and  applying  thefe 
to  account  for  other  phenomena ; that  we  may  at 
lad:  advance  to  a knowledge  of  the  Pnoft  general 
laws  that  regulate  the  fyftem  of  operations  in  na- 
ture. But  though  we  may  be  warranted  to  confi- 
der  all  the  phenomena  that  we  find  connedted  with 
thefe  general  laws^  and  manifeflly  depending  upon 
them,  as  fo  many  fadfs  explained,  fo  many  truths 
Jvnown  and  underftood  ; yet  we  ought  not  to  over-/ 
look  fuch  phenomena,  as  are  not  reducible  to  thofe 
general  principles;  but  fhould  view  them  as  fimple 
and  feparate  fads,  and  treafure  them  up  till  a more 
enlarged  experience,  and  more  accurate  obferva- 
rion  lead  us  to  the  difeovery  of  thofe  powers  of  na-^ 
ture  to  which  they  are  to  be  referred. 

This  method  of  reafonhig  founded  on  experi- 
ments and  obfervation,  by  which  the  general  ideas 
'and  forms  of  natural  philofophy  are  invented,  is 
purely  and  exclufively  induff i-ve.  The  fchools  are 
not  the  theatre  in  which  this  philofophical  logic  is 
difplayed.  It  does  not  delight  in  external  appear- 
ances and  oftentatious  formality.  It  retires  from 
the  clamour  of  verbal  difputation  into  the  retreat 
of  the  elaboratory  and  obfervatory,  where  in  filent 
invefligation  it  lays  the  foundation  of  fubdantial 
learning;  and  as  it  mixes  with  experiment  and  ob- 
fervation, it  is  incapable  of  being  adequately  de- 
fehibed  by  words,  but  is  bell  feen  and  underflood 
by  attending  it  in  the  adl,  and  purfuing  it  through 
every  llage  of  the  analytical  progrellion.* 

After  men  had  laboured  in  the  fearch  of  truth 
near  2000  years  by  the  help  of  fyllogifms.  Lord 
Bac  'on  propofed  the  method  of  indufUon  as  a more 
clfedual  engine  for  that  purpofe.  His  Novum  Or- 

. ganum 


• Titham’s  Chau  and  Scele  of  Truth,  p.  137. 


V 


Of  Reasoning  in  PniLosopMr. 


127 


gimum  gave  a new,  ufeful,  and  remarkable  turn  to 
the  thoughts  and  labours  of  the  inquifitive,  and  may 
be  conlidered  as  forming  a grand  aera  in  the  pro- 
grefs  of  human  reafon.* 

Neither  experience  nor  experiment- muff,  how- 
ever, be  conlidered  as  fuch  infallible  guides,  as  to 
juftify  our  refuling  information  from  any  other 
quarter : for  they  never  make  us  thorough  rnafters 
of  the  fu bjedt.  Vv^e  may  know  enough  for  our  pre- 
fent  ufes,  but  can  never  know  that  there  is  nbt 
more  to  be  learnt,  befides  what  we  have  difeovered. 
We  can  only  obferve  what  effedls  they  work  upon 
our  fenfes,  or  upon  one  another,  and  from  thence 
induce  imperfecftly  the  powers  belonging  to  them, 
and  caufes  operating  upon  them,  but  can  make  no 
juft  deduction  that  there  are  not  other  powers  and 
caufes  whofe  eftedts  we  have  never  yet  experienced. 

The  greateft  part  of  human  knowledge  refts 
upon  probable  evidence.  Indeed  we  can  have  no 
other  for  general  truths,  which  are  contingent  in 
their  nature,  and  depend  upon  the  will  and  ordina- 
’ tion  of  the  maker  of  the  world.  He  governs  the 
world  he  has  made  by  general  laws.  The  eftedls 
of  thefe  laws  in  particular  phenomena,  are  open  to 
our  obfervation,  and  by  obferving  a train  of  uni- 
form eftedts  with  due  caution,  we  mav  at  laft  de- 
cypher  the  law’  of  nature  by  w^hich  theyare  regulated. 

Such  Js  the  genuine  logic  of  phylical  learn- 
ing, which  has  before  it  fuch  a vaft  extent  and 
variety_of  ground,  ^as  is  fufficient  to  employ  the 
joint  and  confederated  labours  of  philosophy  of 
difterent  ages  and  countries,  aftifted  by  the  largeft 
colledlion  and  beft  arrangement  of  natural  hiftory, 
which  is  the  proper  foundation  of  natural  philofo- 
phy.  From  this  ground  experience  takes  it’s  flow 
but  fteady  courfc ; it  lirft,  fays  Ford  Bacon,  lights 
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the  candle,  and  then  by  that  candle  fhews  the  way, 
beginning  with  regular  and  well  condudled  expe- 
riments. not  fuch  as  are  vague  and  prepoflerous, 
from  whence  it  derives  axioms;  and  then  from 
axioms  well  eftablillied  defcends  to  new  experi- 
ments. 

But  however  numerous  and  extenlive  the 
experiments  and  obfervations  may  be,  they  muft  of 
necelTity  come  fliort  of  the  number  and  extent  of 
nature,  which  in  fome  cafes  will  defeat  all  pofTi- 
bilityof  their  coextenfion,  and  in  others,  by  it’s 
diftance,  lies  out  of  the  reach  of  their  immediate 
application.  In  order,  therefore,  to  make  his  law 
of  general  ufe,  and  flrctch-it  over  the  whole  extent 
of  nature,  the  philoibpher  is  obliged  to  have  rc- 
courfe  to  analogy^  by  which  he  can  lengthen  out 
his  induclions,  which  are  properly  confined  to  the 
number  of  experiments  and  obfervations  adually 
made,  to  all  others  of  the  fame  kind  ; concluding 
the  axiom  to  hold  good  of  all,  and  that  not  only 
for  the  prefent,  but  alfo  for  the  future,,  till  it  be 
either  confirmed  and  reclified,  or  elfe  contradidted 
by  better  experiments,  and  a more  extenhve  and 
complete  inuudlion.”  For  if  in  reafoning  about  na- 
tural things,  we  were  confined  w^holly  to  experi- 
ence, our  knowledge  muff  fall  fliojt  of  being  ge- 
neral, for  it  would  be  confined  to  thofe  alone  on 
which  we  made  our  experiments. 

This  is  that  juff  and  philofophic  method  of 
reafoning,  w'hich  found  logic  preferibes  in  tins,  as 
well  as  in  other  parts  of  learning;  by  which,  through 
tiic  flow'  but  certain  road  of  experiment  and  obfer- 
vati'on,  the  mind  afeends  from  appearances  to  qua- 
lities, from  effeds  to  caufes ; and,  by  a fair  induc- 
tion from  many  particular  fubjedts  extended  by 
analogy,  forms  general  .propxji! ions  concerning  the 
powers'  and  properties  of  phyfical  bodies.  Vv  iiat 
can  faidy  be  deduced  from  ladls  duly  obferved,  or 
* A fufli.cicnily 
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fufficiently  atteftcd,  is  genuine  and  pure;  it  is  the 
Voice  of  God,  and  no  fidlion  of  human  imagina- 
tion. 

The  view  of  nature,  which  is  the  immediate 
objed:  of  fenfe,  is  very  imperfedt^  and  of  a fmali 
extent ; but  by  the  alliftance  of  art,  and  the  help 
of  our  reafon,  is  enlarged  till  it  lofes  itfelf  in  an  in- 
finity on  either  hand.  The  immenfity  of  things  on 
the  one  fide,  and  their  minutenefs  on  the  other, 
carry  them  equally  out  of  our  reach,  and  conceal 
from  us  the  far  greater  and  more  noble  part  of  phy- 
fical  operations*  As  magnitude  of  every  fort,'  ab- 
firadlly  confidered,  is  capable  of  being  incrcafed. 
to  infinity,  and  is  alfo  divifible  without  end ; fo  we 
find  that,  in  nature^  the  limits  of  the  greateft  and 
lead  dimenfions  of  things  are  adlually  placed  at  an 
immenfe  diftance  from  each  other.  We  can  per- 
ceive no  bounds  of  the  vafi:  expanfe  in  which  na- 
tural caufes  operate,  and  can  fix  no  border  or  ter- 
mination of  the  univerfe;,  and  we  are  equally  at  a 
lofs  when  we  endeavour  to  trace  things  to  their 
elements,  and  to  difeover  the  limits  which  con- 
clude the  fubdivifions  of  matter-  The  objecfls 
Which  we  commonly  call  great,  vanifh  w^hen  wc 
contemplate  the  vafi:  body  of  the  earth : the  ter- 
raqueous globe  itfelf  is  foon  lofi:  in  the  fqlar  fyftemr 
in  fome  parts  it  is  feen  as  a difiant  fi:ar : in  great 
part  it  is  unknown,  or  vifible  only  at  rare  times  to 
vigilant  obfervers,  affified,  perhaps,  with  an  art 
like  to  that  by  which  Galileo  was  enabled  to  dif- 
cover  fo  many  new  parts  of  the  fyfiem.  The  fuA 
itfelf  dwindles  into  a fiarj  Saturn’s  vafi:  orbit,  and 
the  orbits  of  all  comets,  croud  into  a point,  when 
viewed  from  numberlefs  places  between  the  earth 
and  the  nearefi:  fixed  ftars*  Other  funs  kindle  Tight 
to  illuminate  other  fyfiems,  where  our  fun’s  rays  are 
unperceived;  but  they  alfo  arc  fwallowed  up  in  the 
VoL.II.  K vaft 
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vaft  expanfe.  Even  all  the  fyftems  of  the  Ears  that 
fparkle  in  the  cleareft  Iky,  muft  pofTefs  a fmall 
corner  only  of  that  fpace  over  which  fuch  fyftems 
are  difperfed,  fince  more  Ears  are  difcovered  in  one 
conftellation  by  the  telefcope,  than  the  naked  eye 
perceives  in  the  whole  heavens.  After  v e have 
rifen  fo  high,  and  left  all  definite  meafures  fo  far 
behind  us,  we  find  ourfelves  no  nearer  to  a term  or 
limit ; for  all  this  is  nothing  to  v hat  may  be  dif- 
played  in  the  infinite  expanfe,  beyond  the  remotefl 
Ears  that  ever  have  been  difcovered.  If  wedefeend 
in  the  fcale  of  nature  towards  the  other  limit,  we 
End  a like  gradation  from  minute  objedls  to  others 
incomparably  more  fubtil,  and  are  led  as  far  be- 
low fenfible  meafures  as  we  were  before  carried 
above  them,  by  fimilar  fteps  that  foon  become  hid 
to  us  in  equal  obfeurity.  We  have  ground  to  be- 
lieve, that  thefe  fubdivifions  of  matter  have  a ter- 
mination, and  that  the  elementary  particles  of  bo- 
dies are  folid  and  uncompounded,  fo  as  to  undergo 
no  alteration  in  the  various  operations  of  nature  or 
of  art.  But  from  microfcopical  obfervations  that 
difeover  animals,  thoufands  of  which  could  fcarce 
form  a particle  perceptible  to  the  unafTified  fenfe, 
each  of  which  has  it’s  proper  veflels,  and  fluids 
circulating  in  thofe  vefTels  ; from  the  propagation, 
nourifhment,  and  growth  of  thofe  animals ; from 
the  fubtilty  of  the  effluvia  of  bodies  retaining  their 
particular  properties  after  fo  prodigious  a rarifac- 
tion  ; from  many  aftonifhing  experiments  of  che- 
rhifts;  and  efpecially  from  the  inconceivable  mi- 
nutenefs  of  the  particles  of  light,  that  find  a paflage 
equally  in  all  directions  through  the  pores  of  tranf- 
parent  bodies,  and  from  the  contrary  properties  of 
the  different  fides  of  the  fame  ray,-  it  appears,  that 
the  fubdivifions  of  the  particles  of  bodies  defeend 
by  a number  of  Heps  or  degrees  that  furpaiTes  all 
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linagination,  and  that  nature  is  inexhauflible  by  us 
on  every  fide.  Nor  is  it  in  the  magnitude  of  bodies 
only  that  this  endlefs  gradation  is  to  be  obferved; 
Of  motions,  fome  are  perlormed  in  moments  of 
time,  others  are  hniflied  in  very  long  periods;  fomc 
are  too  flow’,  and  others  too  Avift,  to  be  percepti- 
ble by  us.  The  tracing  the  chain  of  caufes  is  the^ 
mo/l  noble  purfuit  of  philofophy;  but  we  meet 
with  no  caule  but  v hat  is  itfdf  to  be  confidered 
as  an  effect,  and  are  able  to  number  but  few  links 
of  the  chain.  In  every  kind  of  magnitude,  there 
is  a degree  or  fort  to  which  our  fenfe  is  propor- 
tioned, the  perception  and  know  ledge  of  which  is 
of  the  greateff  ufe  to  mankind.  The  fime  is  the 
ground  work  of  philofophy ; for  though  all  forts 
and  degrees  are  d,  lally  the  ohjedl  of  philofophical 
fpecul.ition,  yet  it  is  from  thofe  which  are  pro- 
portioned to  fenfe  that  a philofopher  muit  let  out 
in  I'lis  inquiries,  alcendmg  or  defeendihg  after- 
wards as  his  purfuits  may  require.  He  does  w’ell 
indeed  to  take  his  views  from  many  points  of  f'^dit, 
and  fupply  the  defedhs  of  fenfe  by  a well-regulated 
imagination ; nor  is.  he  to  be  confined  by  any  limit 
in  fpace  or  time  : but  as  his  knowledge  of  nature  is 
founded  on  the  obfervation  of  fenf  ble  things,  he 
mud  begin  with  thefe,  and  mud  often  return  to 
them  to  examine  his  progvefs  by  them.  Here  is  his 
fecure  hold;  and  as  he  fets  out  from  thence,  fo  if 
he  likevvife  trace  not  often  his  d'eps  backwards 
with  caution,  he  \vill  b-  in  hazard  of  lofmg  his 
IV ay  in'  the  labyrinths  of  nature.  ^ 

From  this  diort  view  of  nature,  and  of  the 
fituation  of  man,  confidered'  as  a fpeebator  of  it’s 
phenomena,  and  as  an  inquirer  into  it’s  conditu- 
tion,  we  may  form  feme  judgment  of  the  projeht 
ot  thofe,  w’ho,  in  compodng  their  fydems,  begin  at 
the  furnmit  of  the  fcalc,  and  then  by  clear  ideas 
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pretend  to  dcfcend  through  all  it’s  fteps  with  great 
pomp  and  facility,  fo  as  in  one  view  to  explain  all 
things.  The  procelTes  in  experimental  philofophy 
are  carried  on  in  a different  manner;  the  begin- 
nings are  lefs  lofty,  but  the  fcheme  improves  as 
we  arife  from  particular  obfervations  to  more  ge- 
neral and  more  juft  views.  It  muft  be  owned,  in- 
deed, that  philofophy  would  be  perfect,  if  our  view 
of  nature,  from  the  common  objeefts  of  fenfe  to  the  - 
limits  of  the  univerfe  upwards,  and  to  the  elements 
of  things  downwards,  was  complete  ; and  the  pow- 
ers or  caufes  that  operate  in  the  whole  were  known. 
But  if  we  compare  the  extent  of  this  fcheme  with 
the  powers  of  mankind,  we  fliall  be  obliged  to  al- 
low the  neceftity  of  taking  it  in  parts,  and  of  pro- 
ceeding with  all  the  caution  and  care  we  are  capa- 
ble of,  in  inquiring  into  each  part.  When  we 
perceive  fuch  wonders,  as  naturalifts  have  difeo- 
vered,  in  the  minuteft  objefts,  ftiall  we  pretend  to 
deferibe  fo  eafily  the  produdions  of  infinite  power 
in  fpace,  that  is  at  the  fame  time  infinitely  extended 
and  infinitely  divifible  ! Surely  we  may  rather  ima- 
gine, that  in  the  whole  there  will  be  matter  for  the 
inquiries  and  perpetual  admiration  of  much  more 
per  fed  beings.* 

It  is  not,  therefore,  the  bufinefs  of  philofo- 
phy, in  our  prefent  fituation  in  the  univerfe,  to 
attempt  to  take  in  at  once,  in  one  view,  the  whole 
fcheme  of  nature ; but  to  extend,  with  great  care 
and  circumfpedion,  our  knowledge  by  juft  fteps 
from  fenfible  things,  as  far  as  our  obfervations-  or 
rcafonings  from  them  will  carry  us,  in  our  inqui- 
ries concerning  either  the  greater  motions  and  ope- 
rations of  nature,  or  her  more  fubtil  and  hidden 
works. 

Among 
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Among  thoCe  who  have  purfucd  the  path 
pointed  out  in  the  Novum  Orgxinumy  Sir  Isaac 
Newton  holds  the  hrfl  rank.  It  was  on  this  plan 
he  eflablilhcd  his  account  of  the  fyfteni  of  the 
world  upon  the  belt  aftronomical  obfervations  on 
the  one  hand ; while  on  the  other,  he  performed 
himfelf,  with  the  greatdt  addrcfs,  the  experiments, 
by  which  he  was  enabled  to  pry  into  the  fecrets 
of  nature. 

He  has  given  us  two  incomparable  treatifes, 
his  Mathematical  Principles  of  Philofophy,  and 
his  treatife  of  Optics.  In  the  firfl,  he  deferibes 
the  fyftem  of  the  world,  and  Ihew^s  the  powers 
which  govern  the  celeltial  motions.  Thefe  are 
extended  from  the  center  of  the  fun  to  the  utmoft 
altitude  of  the  highell  comet.  In  the  fecond  he 
treats  of  light,  one  of  the  mod  potent  agents  in 
nature. 

The  firft  rule  of  philofophifing  laid  down  by 
this  great  man  is  this  : No  more  caufeSi  nor  any 
other  caujes  of  natural  effects ^ ought  to  be  admittedy 
but  fuch  as  are  both  truey  and  fufficient  for  explain- 
ing their  appearances.  This  is  a golden  rule.  If 
a philofopher,  therefore,  pretends  to  fliew  you  the 
caufe  of  any  natural  effedl,  w^hether  relating  to 
matter  or  mind,  confider  fird,  whether  there  be 
fufficient  evidence  that  the  caufe  alTigned  does 
really  exid.  If  there  be  not,  reject  it  with  dif- 
dain,  as  a fiedion,  which  ought  to  have  no  place 
in  genuine  philofophy.  If  the  caufe  affigned  really 
exids,  conlider  in  the  next  place,  whether  the 
etfedt  it  is  brought  to  explain  necedarily  follows 
from  it : unlefs  it  has  thefe  two  conditions,  it  is 
good  for  nothing. 

dhe  fecond  rule  of  the  great  Newton  is  this  : 
'I  bat  natural  effects  of  the  fame  fort  arc  to  be  accounted 
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for  by  the  fame  caufes.  This  rule  is  founded  on  a jufl: 
appreciation  of  analogy,  on  the  uniformity  of  the 
proceedings  in  nature.  Thus  it  confiders  the  de- 
fcent  of  a heavy  body  tov/ards  the  earth  in  Europe  as 
an  elfeci:  of  the  fame  fort  with  the  defcent  of  a heavy 
body  towards  the  earth  in  America.  To  fuch 
effeds,  therefore,  fimilar  caufes  ought  to  be  alfign- 
cd.  The  motion  of  the  moon_round  the  earth,  of 
the  fatellitcs  round  Jupiter  or  Saturn,  and  of  the 
primary  planets  round  the  fun,  are  effecls  of  the 
fame  kind.  Thcretore  whatever  you  find  to  be 
the  caufeof  one  of  thefe  motions^  you  may  conclude 
to  be  the  true  caufc  of  the  others. 

It  is  eafy  for  you  to  obferve,  that  this  rule  is 
deduced  from  the  latter  part  of  the  foregoing  one. 
Effedts  of  the  fame  kind  m.ay  be  accounted  for 
by,  the  laiTiC  caufes.  It  is  right,  therefore,  to 
afiign  the  fame  caufes  to  fimilar  cffcdls  ; becaufe 
we  fhould  oiherwife  multiply  caufes  without  rea- 
fon,  and  firould  introduce  more  than  are  fufheient 
for  the  appearances  ot  nature. 

Newton’s  third  rule  is  built  upon  indudlion 
and  analogy,  and  confiders  thofe  qualities  that  are 
found  invariably  to  lehu^  to  all  bodies^  upon  which 
we  cananake  experime?itSy  as  qualities  belonging  to^ 
all  bodies  whatfoevtr. 

There  arc  many  bodies  on  w’hich  we  can- 
not make  experimients  ; yet  if  we  have  fre- 
quently made  experiments  upon  other  bodies, 
that  fail  immediately  under  our  notice,  and 
find  them  invariably  endued  with  certain  quali- 
ties, we  may  be  allow’ed  by  analogy  to  extend 
our  conclufion  to  all  other  bodies,  and  thus  make 
it  univerfal  : a way  of  reafoning,  that  is  agree- 
able to  the  harmony  of  things,  and  to  the  old 
maxim,  aferibed  to  HermeSy  and  approved  by  the 
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obfervation  and  judgment  of  the  wifefl:  philofo- 
phers.  That  what  paj[es  in  the  heavens  above  is 
limit ar  and  analogous  to  what  pajfes  on  the  earth 
below.* 

Thus  all  bodies,  that  we  have  obferved,  arc 
found  to  gravitate  towards  one  another;  they  en^‘ 
dcavour,  it  they  arc  near  the  earth,  to  defeend  by 
their  weight  to  the  earth’s  center.  Now  though 
we  have  not  tried  the  experiment  on  every  ftone, 
or  upon  every  piece  of  lead  that  we  fee,  yet  from 
what  w'e  have  tried,  we  conclude  that  all  of  them 
have  this  fame  quality.  And  if  this  conclufion  be 
iuh,  when  extended  thus  far  beyond  our  own  ob- 
servation, we  may  extend  it  ftill  farther.  No  one, 
after  what  he  has  experienced  in  all  forts  of  bodies 
that  he  has  been  ufed  to,  can  rcafonably  doubt, 
whether  other  bodies,  of  different  forts,  are  not 
pofleffed^  of  gravity  as  w^ll  as  thefe ; and  from 
what  he  has  obferved  in  all  bodies,  where  he  can 
make  experiments,  he  may  conclude,  that  this 
property  of  gravity  belongs  to  all  bodies  univer- 
faily,  and  that  the  moon  gravitates  towards  the 
earth.  It  is  thus  that  we  are  enabled,  by  a fuffi- 
cient  number  of  particular  experiments,  to  draw 
general  conclufions. 

If  you  look  back  into  the  flate  of  philofo-. 
phy  in  the  different  ages,  you  wnll  learn  from  the 
liiltory  of  every  period,  that  as  far  as  philofo- 
phers  confulted  nature,  and  proceeded  on  obfer- 
vation, they  advanced  in  true  know  ledge  ; but  as 
far  as  they  endeavoured  to  build  Schemes  on  any 
other  foundation,  they  only  multiplied  difputes  and 
errors. 

Wifely,  therefore,  does  Lord  Bacon  confider 
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natural  philofophy  as  a vaft  pyramid,  that  ought 
Xp  have  the  hillory  of  nature  for  it’s  bafis,  an  ac- 
count of  the  powers  and  principles  that  operate 
in  nature  for  it’s  fecond  ftage,  and  the  formal  and 
final  caiife  of  things  ifor  it’s  third  ftage.  But  as 
for  the  fummit  of  this  pyramid,  the  Aipreme  of 
, nature,  opus  quod  operatur  Deus  a principio  ujque 
finemy  he  doubts  whether  it  will  ever  be  attain- 
able by  man. 

I cannot  offer  to  your  attention,  as  a conclu- 
fion  to  this  Ledlure,  any  thing  more  pertinent  to 
the  refearches  you  are  engaged  in,  than  the  devout 
afpirations  of  a difciple  of  the  StagyritCy  * only  fo 
far  altered  as  to  render  them  more  conformable  to 
the  plan  of  this  work.  ' 

Affift  us,  O Lord,  our  heavenly  Father,  with 
the  light  of  that  reafon  by  which  thou  lighteneft 
the  world ; by  which  grace  and  beauty  is  diffufed 
through  every  parr,  and  the  welfare  of  the  whole 
is  uniformly  upheld.  So  teach  us  to  know  our- 
felves,  that  we  may  attain  that  knowledge,  which 
is  worth  attaining. 

Teach  us  to  be  fit  adors  in  that  drama,  where 
thou  haft  allotted  every  being,  great  and  fmall, 
it’s  proper  part,'  the  due  performance  of  which  is 
,the  one  chief  end  of  it’s  exiftencc. 

Enable  us  to  curb  defirCy  and  keep  it  always 
within  the  bounds  of  reditude.  Be  our  ffrft  work 
to  efcape  from  wrong  opinion  and  bad  habit ; that 
the  mind  being  rendered  fiucere,  and  the  heart 
incorrupt,  >we  may  with  fafety  proceed  to  feek 
our  genuine  good  and  happinefs. 

When  we  are  thus  previoufly  exercifed,  thus 
duly  prepared,  let  not  our  /ove  there  ftop  where 
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it  'firft  begins;  but  infcnfibly  conduct  it,  by  thy 
invilible  influence,  till  it  is  conjoined  to  thee,  in 
whom  only  it  can  find  what  is  adequate  and  full. 
Teach  us  to  love  thee^  and  thy  divine  admtnijhrar- 
tion  ; to  regard  the  univerfe  as  our  true  and 
nuinc  country ; and  let  the  ftreams  of  our  benefi- 
cence be  extended  to  the  w hole  of  mankind.  Be 
it  our  endeavour  by  an  humble  fpirit,  a gentle  de- 
portment, and  an  unfeigned  good  nature,  to  foften 
every  care,  alleviate  every  pain,  ^ and  thus  render 
all  around  us  happy. 

Let  our  life  be  a continued  feene  of  acquiefcence 
and  of  gratitude,  of  gratitude  for  w^hat  we  enjoy, 
and  of  acquiefcence  in  what  we  Juffer  ; and  enable 
us  to  co-opera t,e  with  cheerfulnefs  in  whatfoever 
thou  ordaineft ; that  fo  we  may  know  no  other 
will  than  thine  alone,  and  that  the  harmony  .of  ' 
our  particular  minds  with  thy  univerfal  may  be. 
ficady  and  uninterrupted  through  the  period  of  our 
exiftence.  • 

Turn  our  minds  from  all  that  is  abjeci,  fer- 
vile,  and  evil,  and  enable  us  to  embrace  and  che- 
rifh  only  . what  is  generous,  lovely,  fair,  and 
Godlike. 

Let  it  be  our  fiudy  and  delight  to  behold  in 
the  filent  mirror  of  contemplation,  thofe  forms 
which  are  hidden  to  human  eyes ; that  animating 
'wijdom,  which  pervades  and  rules  the  whole; 
that  order,  irrefiftible,  immutable,  fupreme,  which 
leads  the  willing,  and  compels  the  averfe,  to  co- 
operate in  their  fiation  to  the  general  welfare; 
that  magic  divine,  which,  by  an  efficacy  pall 
comprehenfion,  can  transform  every  appearance, 
even  the  moft  hideous,  into  beauty,  and  exhibit 
all  things  fair  and  good  to  thee,  who  art  of 
purer  eyes  than  ever  to  behold  iniquity ; the  folc 
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and  only  Lord  and  Saviour,  a nevcr-ceadng,  ever 
overtiowing  ocean  of  meeknefs,  delight,  good- 
nefs,  patience,  and  m'ercy,  ever  giving  forth  the 
fame  gifts  of  gcodnefs  and  truth,  of  light  and’ 
love,  bieffing  and  joy,  to  angels  and  men. 
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LECTURE  XV. 

On  Optics. 

n^HE  advances  made  in  the  knowledge  of  optics’ 

^ in  the  la  ft  and  prefent  age,  are  fuch  as  do  ho- 
nour to  human  nature  and  j)hilofophy.  The  the-- 
orv  of  light  and  colours  by  Sir  Ifaac  Newton^  is  a 
piece  fo  excellent  for  invention,  for  judgment  in 
condudling  experiments,  and  for  drawing  the  pro- 
per concluftons  from  them,  that  had  it  been  New-- 
ton's,  lingle  work,  it  would  not  only  have  done  ho- 
nour to  him,  but  to  the  country  that  gave  him  birth,* 
Of  the  faculties  called  the  five  fenfes,  fight  is  with- 
out doubt  the  moll  noble;  the  rays  which  minifter 
to  this  fenfe,  and  of  which  without  it  we  could  ' 
never  have  had  the  leaft  conception,  are  the  moft: 
wonderful  and  aftoniftiing  part  of  the  inanimate 
creation. 

Of  this  you  will  be  fatisfied  when  you  confi- 
der  their  extreme  minutenefs;  their  inconceivable 
yelocity  ; the  regular  variety  of  colours  which  they 
exhibit ; the  invariable  laws  according  to  which 
they  are  a6ted  upon  by  other  bodies,  in  their  re- 
flexions and  refractions,  without  the  leaft  change  of 
their  original  properties  ; and  the  facility  with 
which  they  pervade  bodies  ot  great  denfity,  and  of 
the  clofeft  texture,  without  refiftance,  without  dif-^ 
turbing  one  another,  wfithout  giving  the  leaft  fen- 
fible  impulfe  to  the  lighteft  bodies. 

Heat  and  light  may  be  confidered  as  the  chil- 
dren of  fire,  as  kindred  qualities  produced  by  the 
fame  caiife,  fometimes  exerting  their  powers  fepa- 
rately,  fometimes  united.  We  are,  however,  very 
ignorant  of  the  intimate  combinations  of  light, 
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and  it's  mode  of  adling  upon  different  bodies.  Ex^. 
periments  upon  vergetables  gi.v£  us  reafon  to  be- 
lieve, that  light  combines  with  certain  parts  thereof, 
and  that  the  green  of  their  leaves,  and  the  various 
colours  of  their  flowers,  are  chiefly  owing  to  this 
cqn^inaLion;  for  plants,  which  grow  in  darknefs,  are 
perfecftly  white,  languid,  and  unhealthy  : to  make 
them  recover  .vigour,  and  acquire  their  natural 
colours,  the  di, reel  influence  of  light  is  necelfary. 
Sornewhat  fimilar  takes  place  even  upon  animals, 
and  mankind  degenerate  to  a certain  degree,  when 
confined  too  clofely,  or  employed  in  fedentary  ma- 
nufadlures.  Though  the  fun  is  many  millions  of 
leagues  from  you,  yet  you  fee  it  as  evidently ^ and 
feel  it’s  influence  as  powerfully , as  if  it  were  w’ithin 
your  reach  : it  is  zvitbin  your  exiftence.  It  fupplies 
comfort  and  life  to  your  animal  body  and  life; 
and  you  could  not  furyive  an  hour  without  it’s  in- 
fluence and  operations. 

Light  is  diffufed  on  every  fide  from  it’s  foun- 
tain the  fun : joined  with  air,  it  gives  beauty  and 
fruitfulnefs  to  the  earth,  fupports  vegetable  and 
animal  life,  and  the  various  kinds  of  motions 
throughout  the  fyflena  of  nature.  By  their  manifold 
and  beneficial  operations,  as  well  as  by  the  beauty 
and  magnificence  they  produce, they  point  us  to  him 
who  in  feripture  is  called  the  Glory  of  God,  by 
whom  all  things  were  made  and  are  upholden.  And 
the  firmament y the  expanfion  of  the  celeftial  ele- 
ments, bis  handy  worky  not  only  as  Creator y 

but  as  Redeemer  of  the  w’orld.  . The  labours  of  our 
infirudlors  in  the  natural  w^orld  know  of  no  inter- 
miflion,  but  inceffantly  leefiure  us  in  the  fcience  of 
divine  wifdom.  The  fun  fliines  forth  by  day,  the 
moon  and  liars  by  night ; though  they  are  not  en- 
dowed like  man  with  the  faculty  of  fpeech,  yet  they 
addrefs  thcmfelves  to  the  mind  of  the  inreiligentbc- 
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holder  in  another  Way,  by  the  way  of  pidture'  and 

reprefentation.  ' ' 

LigUt  introduces  all  nature  to  us,  the  trees, 
the  flowers,  the  cryrtal  Ifreams,  and  azure  Iky:  the 
fixed  parts  of  nature  are  eternally  entombed  be- 
neath the  light ; and  we  fee  nothing  in  fact  but  a 
creation  of  colours  ; nothing  is  an  objedt  of  vifloi^ 
but  light;  that  which  we  call  body  or  fubftance, 
that  which  refleds  the  various  colours  of  light,  lies 
hid  beneath  the  appearance,  is  wrapt  in  impenetra- 
ble obfeurity.  Matter,  at  firfl;  light,  feems  to  be 
the  only  being  we  have  correfpondence  with,  to 
meet  us  every  where ; but  when  we  examine,  it 
Ihrinks  like  a phantom  behind  perception ; we 
know  it  not ; the  clofer  we  inveftigate  it’s  nature, 
the  more  it  glides  away  from  us,  and  all  that  we 
can  at  length  afeertain,  only  points  it  out  as  a 
fhadowy  Ihrowd,  under  which  sovereign  power 
retires  from  plain  view,  and  ads  by  regular  laws. 

The  eye  is  the  inftrument  by  which  we  per- 
ceive the  efleds  of  light;  it’s  ftrudure,  it’s  appur- 
tenances, the  various  contrivances  for  performing 
all  it’s  internal  and  external  motions,  clearly  poinr 
it  out  to  be  the  w^ork  of  Divine  Wifdom  ; and  he* 
muft  be  very  ignorant  of  what  has  been  difeovered 
concerning  it,  or  of  a .very  ftrange  calf  of  under- 
llanding,  who  can  fcrioully.  doubt,  whether  or  not 
the  rays  of  light,  and  the  eye,,  were, made  for  one* 
another  with  confummate  wifdom  and  perfed 
fkill  in  optics.  ^ “ 

If  you  were  to  fuppofe  an  order  of  beings 
endued  with  every  human  faculty  but  that  of  light,, 
how  incredible  would  it  appear  to  fuch  beings 
accuflomed  only  to  the  flow  information  of  touch,' 
that  by  the  addition  of  an  organ  conlifting  of  a ball 
and  focket  of  an  inch  diameter,  they  might  be  en- 
abled in  an  inflant  of  time  without  changing  their 
place  to  view  the  difpofltion  of  a whole  army,  or 
3 the 
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the  order  of  a battle,  the  figure  of  a magnificent 
palace,  or  all  the  variety  of  a landfcape?  It  a man 
were  by  feeling  to  find  out  the  figure  cf  the  peak 
of  Tenerilfe,  or  even  of  St.  Peter’s  church  at  kome, 
it  would  be  the  work  of  a life-time. 

It  w^ould  appear  kill  more  incredible  to  fuch 
jbeings  as  we  have  fuppefed,  if  they  were  informed 
of  the  difeoveries  that  may  be  made  by  this  litile 
organ  in  things  far  beyond  the  reach  of  any  other 
fenfe  ; that  by  means  of  it  we  can  find  out  our  way 
upon  the  pathlefs  ocean ; that  wt  can  traverfe  the 
globe,  determine  it’s  figure,  it’s  dinreniions,  and 
delineate  every  region ; that  we  can  meafiire  the 
planetary  orbs,  and  count  the  number  of  the  hea- 
venly hoft. 

Would  it  not  appear  kill  more  afronifhing  to 
fuch  beings,  if  they  Ibould  be  farther  informed, 
that  by  means  of  this  fame  organ  we  can  perceive 
the  tempers  and  difpoiiticns,  the  affedtions  and 
pallions  of  our  fellow-cneatures,  even  when  they 
want  mok  to  conceal  them  1 That  by  this  organ 
we  can  often  perceive  wliat  is  krait  and  crocked 
in  the  mind  as  well  as  the  body ; that  it  partici- 
pates of  every  mental  emotion,  the  foftek  and 
mok  tender,  as  well  as  the  mok  violent  and  tu- 
multuous ; that  it  exhibits  thefe  emotions  with 
force,  and  infufes  into  the  foul  of  the  fpeefator 
the  fire  and  the  agitation  cf  that  mind  in  wdrich 
they  originate  ? To  many  mykerious  things  muk 
a blind  man  give  credit.  If  he  wnll  believe  the 
relations  of  thofe  that  fee,  his  faith  muk  exceed 
that  which  the  poor  fceptic  derides  as  impoflible, 
or  condemns  as  abfurd.*  It  is  not,  therefore, 
without  reafon,  that  the  faculty  of  feeing  is  look- 
ed u}:)on  as  more  noble  than  the  other  fenfes,  as 
having  fomething  in  it  fuperior  to^fenfation,  as  the 
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fenfe  of  the  uiiderdanding/the  language  of  intel- 
ligence. 

The  evidence  of  reafon  is  called  feeing^  noE 
feeling,  fmelling,  tailing ; nay,  we  exprefs  the 
divine  knozi'ledge  hy  fee: ngy  as  that  kind  of  know'- 
lecige  which  is, moil  perfect  in  ourfelves. 

1’rutb  is  of  the  nature  and  effence  of  God, 
incapable  of  a verbal  definition,  but  may  be  il- 
luftrated  by  the  fimilitude  of  light.  Between  the 
objects  of  the  mind  and  corporeal  things,  the 
objedts  of  outward  fenfe,  there  m.ay  be  found  in 
many  refpedts  a very  natural  .and  juft  analogy,  as 
it  is,  indeed,  natural  to  expedl ; every  corporeal 
form  being  but  the  image  or  refemblance  of  fome 
mental  form.  Hence  you  find  in  facred  writ, 
light  applied  as  a name  to  the  Supreme  Being; 
for  as  the  fun  is  the  fountain  of  external  light  to 
this  vifible  world,  fo  is  the  Divine > Mind  the  foun- 
tain of  intelligence  or  intelledtual  light.  Thus 
alfo  the  different  kinds  of  good  which  run  through- 
out the  w’hole  external  univerfe,  may  be  confidered 
as  beams  emitted  forth  from  the  goodnefs  of  the 
Di  vine  Being;  and  though  the  intellectual  fuHy  who 
enlightens  the  wlioic  intelligent  or  fpiritual  w orld, 
be  uniform  in  his  effence,  like  uncoloured  light ; ' 
yet  as  he  beam.s  around  on  all  things,  w ithout  ex- 
ception or  intermiffion,  his  rays  take  a diverfity  of 
tints  from  the  diverfity  of  objects  on  which  they 
fall,  or  the  different  lights  in  wffich  the  fame  ob- 
ject is  confidered  : or,  as  a ray  of  the  fuuy  that 
fublime  fgnijicant  emblem  of  truth,  paffing 
through  a prifm,  is  divided  into  a beautiful  va- 
riety of  lhadcs  and  colours,  fo  that  ray  of  truth, 
which  is  hied  down  from  heaven  on  the  human 
mind,  as  it  paffes  through  different  mediums  of 
knowledge,  differs  in  ftrength  and  degree,  and 
exhibits  an  illuflrious  fpecimen  of  that  beauty  and 
variety  in  appearance  and  effect  wffich  dillinguiih 
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all  the  works  of  God.  The  influence  of  our  /V- 
ielle^iual  fun  never  ccafes,  nor  will  it  ever  mifs  of 
accomplilliing  it’s  divine  ends  in  all  fuch  minds 
as  open  themfelves  to  receive  the  aid  of  his  benign 
irradiation. 

1 fhall  not,  perhaps,  find  a more  fuitable  op- 
portunity of  illudrating  to  you  the  words  of  the 
apoftle,  (and  by  this  illuftration  pointing  out  to  you 
one  of  the  great  ends  of  natural  philofophy,)  that 
the  invifible  things  of  God  are  clearly  Jeen  from  the 
creation  of  the  worlds  being  understood  by  the 
things  which  are  7nade.  The  whole  natural  world, 
throughout  the  facred  oracles,  is  referred  to  as  a 
figure  of  the  fpiritual.  You  will  find  this  fubject 
placed  in  a very  clear  light  by  the  Rev.  Dr.  Ta- 
tham,  * in  vol.  ii.  of  his  Scale  and  Chart  of 
Truth,”  a work  to  which  I have  already  referred 
you.  In  this  dark  and  fublunary  ftate,  wedded  to 
fenfe,  immured  in  body,  and  involved  in  matter, 
we  poffefs  no  faculties  by  which  we  can  form  any 
immediate  conctiption  of  God  and  fpiritual  beings. f 
Between  the  viflble  and  invifible  worlds  an  im- 
pafiable  gulph  is  fixed,  an  impenetrable  chafm, 
through  which  not  a ray  of  celeftial  light  can 
diredily  dart.  All  our  information,  therefore,  of 
things  that  are  divine  muft  be  conveyed  through 
an  indirect  channel. 

You 

* Tatliam's  Scale  and  Chart  of  Truth,  vol.  ii.  p.  121  ; vol.  i. 
p.  185.  See  alio  the  works  of  Lord  Bacon,  Dr.  Horne,  Bilhop 
of  Norwich,  and  thofe  of  the  Rev.  William  Jones. 

+ Plato  has  a moft  beautiful  palTage  on  this  head,  faying, 

That  they  who  contemplate  an  eclipie  of  the  fun,  unlefs  they 
view  the  image  of  the  fun  in  water,  or  feme  fuch  thing,  lofe 
their  own  tytfight^  by  gazing  attentively  upon  an  objeft  brighter 
than  it  can  bear.”  That  is,  the  roind  by  contemplating  too 
clofely  the  'tcl  ovruy  and  endeavouring  by  it’s  own  internal 
energy  to  behold  them  as  they  are  in  themfelves,  will  be  dazr 
zled  and  ftupified  ; but  by  having  rccourfe  to  fcnfiblc  objefls, 
«nd  rcafoning  from  an  analogy  in  nature,  it  may  contemplate 
ihc.Ti  without  being  impaiied. 
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You  know  that  by  analogy  in  human  language 
we  transfer  material  iinpreinons  to  mental  fubjedfs, 
and  can  thereby  communicate  and  confider  thefe 
with  certainty  and  precifion  ; fo,  by  a fimilar,  but 
higher  transfer  from  things  which  are  human,  ma- 
terial, or  mental,  to  thofe  which  are  divine,  human 
language  is  converted  into  an  indiredf  but  certain 
inftrument  of  this  celeilial  communication. 

Our  Lord,  in  condefeenfion  to  the  capacity 
and  apprehenfion  of  mankind,  hath  gracioufly  and 
abundantly  employed  this  analogy  as  a medium  to 
render  us  capable  of  receiving  the  rnylferics  of  re- 
ligion. This  divine  analogy  is  founded,  like,  the 
human,  upon  a firnilitude  confifting  in  a perfect 
rcjcmblance  and  correfpondent  reality  between  the 
terreftrial  things  and  ideas,  which  are  the  diredt 
objedts  of  the  human  intelledt,  and  thofe  celeftial 
truths  of  which  it  can  have  no  diredt  conception; 
and  it  is  cxprelfed  by  transferring  the  words  which 
lland  tor  the  terrdfrial  things,  and  the  ideas  to 
celelfial  truths,  which  words  are  to  be  taken  in 
their  plain  and  obvious,  not  figurative  fenfe  ; fo 
that  the  comparifon  is  founded  on  fomething  reat 
as  well  as  limilar;  from  which  real  dimilarity,  rea-. 
fon  deduces  a juft  and  true  correfpondence.*-  > ’ • ' 

Inftead  of  giving  men  new  and  fpiritual  ideas- 

of  heavenly  things,  difterent  from  thofe- they  have 

by  nature,  and  inftead  ot  uling  a fpiritual  language 

or  mode  of  communication  calculated  directly  to., 

exprefs  heavenly  truths,  (which  would  be  to  change 

their  nature  at  once)  this  analogy  takes  men  as 

\ OL.  II.  L they' 

* ^ 

* This  is  not,  fays  Bifliop  Butler,  an  apparent  and  metaphorical 
finiilitude  ; it  is  the  iubflituting  the  idea  or  conception  of  one  thing 
to  Jland  For  and  reprefent  another, on  account  oFa  true  rcfanbldnce 
^udyorrefpondent  reality  in  ihe  very  nature  of  the  things  compared. 

It  is  dehntdby  Ariilotle  an  e'^uahty  or/^arzVy  of  reafontng,  tliough 
the  parity  of  reafoning  is  rather  built  on  the Timihtudc  and  ana- 
iogy:  and  confe^uent  to  tli^in,  than  the  fame  wuh  them. 
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they  are,  and  only  transtcrs  their  words  and  ideas 
from  earthly  to  heavenly  fubjeds,  by  which  divine 
and  wonderful  expedient,  the  invifible  things  of  God 
are  clearly  JeeHy  being  understood  by  the  things 
that  are  made. 

By  this  method  of  divine  revelation,  fo  neoefr 
/ary;  fo  real,  fo  deary  and  certain,  the  Almighty 
has,  as  it  were,  bow'ed  the  heavens,  and  come  dow’n, 
in  w^onderful  condeicenlion  to  the  blindnefs  and 
imperfedion  of  human  reafon,  fpeaking  to  us  of 
himfelf  in  our  own  ideas  and  words,  with  the  ut- 
moll;  familiarity,  as  a man  fpeaketh  to  his friendy  and 
enabling  us  to  fpeak  of  him  as  far  as  w e are  con- 
cerned, with  all  reverence  and  adoration,  but  with 
as  iT.i  ch  eafe  and  certainty  as  of  each  other. 

In  the  explication  of  his  myfberies  (fays  Lord 
Bacen,  our  divine  philofophcr)  God  vouchfafed  to 
defc  end  to  the  w eaknefs  of  our  capacity,  fo  expref- 
ling  and  unfolding  them  to  us  as  they  may  be  bed 
comprehended  by  us,  inoculating,  as  it  were,  his 
revelations  upon  the  conceptions  and  notions  of 
our  reafon ; and  fo  applying  his  infpirations  10 
open  our  underdanding,  as  the  figure  of  a key  is 
fitted  to  the  \\^ards  of  a lock.  We  ought  not,  how- 
ever, on  this  account,  to  be  wanting  to  ourfelves  j 
for  feeing  God  makes  ufe  of  the  faculty  and  func- 
tions of  reafon  in  his  divine  illuminations,  we 
ought  every  way  to  improve  the  fame,  in  order,  that 
w’e  may  be  more  capable  to  receive  and  entertain 
fuch  holy  myllcrics. 

Our  Lord,  who  is  himfelf  the  fountain  and  con- 
du(fi;or  of  truthy  is  reprefented  in  the  facred  oracles 
as  the  SUN,  the  fountain  of  light,  and^r  the  day- 
spring FROM  ON  HIGH,  the  harbinger  of  light  ; 
and  of  thefe  apt  limilitiidcs  familiar  to  all,  even 
Without  an  explanation,  he  olten  availed  him- 
fclf,  cxprefiing  irutb  by  the  lignificant  emblem  of 
LIGHT,  ;uid  the  light  of  life. 

3 


He 
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hy  who7n  all  things  were  made  hath  delegated 
to  the  fun  the  power  of  enlightening  the  material 
fyllem,  while  he  hath  referved  to  himself  the 
office  of  giving  light  and  knowledge  by  his  eternal 
TRUTH  to  the  mind  of  man.  But  whether  he  adts 
through  the  inftrumeniality  of  his  creatures,  or 
more  inunediately  from  himfelf,  he  is  uniform  and 
confiftent  in  his  operations  j fo  that  one  part  of  his 
creation  is  always  illuftrative  of  another^ . 

The  fun,  in  performing  hiscdaily  fplendid 
office,  beams  forth  light  and  life'  throughout  our 
fyftem,  and  proclaims,  in  language  known'  to  all, 
it"s  Maker's  facred  glory,  whofe  power  fupplies  the 
never-failing  fountain  with  it’s  endlefs  beams,  and 
makes  it  a reprefentative  of  his  invilible  glory.  Thus 
as  the  SUN  fheds  his  light  over  the  material  creation  ' 
to  be  apprehended  by  the  eye,  fo  truth  is  the 
light  fheci  down  from  heaven  to  be  apprehended 
by  the  intelledf,  given  to  illumine  every  fubjedt 
natural  and  moral,  corporeal  and  fpiritual,  as 
far  as  they  are  qualified  by  their  different  natures 
to  convey  it  to  the  human  mind,  or  rather  per- 
haps fo  far  as  the  human  mind  is  qualified  to  re- 
ceive it  from  them.  For  the  difficulty  of  receiv- 
ing truth  does  not  exift  fo  much  in  the  fubjedts  as 
in  ourfelves  ; and  truths  which  are  the  ffrongeff, 
Tnay  fometimes  Ihine  upon  our  mind  with  the 
wxakefl:  force. 

In  order  to  inflrudl  Us,  the  facred  feripture 
always  places  fome  natural  objedl  before  the  eye  of 
the  underftanding ; and  as  the  vifible  W'orld  is 
throughout  a pattern  of  the  invijible,  ihe  figures 
of  the  facred  writers  built  upon  the  images  of 
nature,  are  as  extenfive  as  the  world  itfclf.  The 
world  being  thus  an  image  or  fliadow'  of  heavenly 
things,  natural  philofophy,  when  employed  in  un-« 
folding  the  works  of  creation,  and  applying  them 
to  their  true  end,  is  a fchool  in  which  Qod  is  the 

F 2 teacher j 
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teacher;  and  all  the  objecfts  of  fenfe  in  heaven  and 
earth,  and  under  the  earth,  are  the  letters  of  an 
univerfal  language,  in  'which  you  and  all  mankind 
have  a common  interefl:. 

Words  are  changeable,  language  has  beeti 
confounded^  and  men  in  different  parts  of  the 
world  are  as  unintelligible  to  one  another  as  bar- 
barians : but  the  vifible  works  of  creation  are  not 
fubjedf  to  any  fuch  confulion,  they  fpeak  to  us  the 
fame  language  as  they  fpoke  to  Adam,  and  their 
language  will  laft  as  long  as  the  world  fhall  re- 
main. 

TIuis,  for  example,  if  you  take  the  w’ord  God^ 
you  have  a found  which  gives  you  no  idea ; and  if 
you  trace  it  through  all  the  languages  of  the  w’orld^ 
you  find  nothing  but  arbitrary  founds  with  great  ' 
variety  of  dialedt  and  accent,  all  of  which  hill 
leave  you  where  you  began,  and  reach  no  farther 
than  the  ear.  But  w-hen  it  is  faid,.  God  is  a fun  and 
a Jhield^  then  things  are  added  to  w’ords,  and  you 
underfland  the  extent  of  the  powxr  and  the  influ- 
ence of  the  Being,  fignified  by  the  word  God;, 
you  conceive  him  to  be  the  author  of  light  to  the 
underBanding,  the  fountain  of  life  to  the  foul,, 
it’s  fecurity  againfl:  all  terror,  it’s  defence  againft 
all  danger.  Such  is  the  difference  between  the 
language  of  ivords  and  the  language  of  things.  If 
an  image  is  prefented  to  the  mind,  w-hen  a found 
is  heard  by  the  ear,  then  we  begin  to  underhand,, 
and  a fingle  objedf  of  our  fight  in  figurative  ac- 
ceptation will  give  you  a larger  and  more  inflruc- 
tive  leffonfhan  ever  could  be  conveyed  by  all  the 
poffible  combinations  of  founds. 

In  the  preceding  Lcfturcs  on  fire  you  have 
feen  how  every  thing  fubfifts,  and  is  preferved 
in  the  rnidfl  of  an  element  capable  of  dehroy- 
ing  and  confuming  all  things,  and  yet  by  it’s- 
fpontaiicous*  aClion,  it  never  dehroys  any  thing: 

I have 
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‘ ✓ 

I have  now^  to  treat  of  another  agent ; light 
is  a property  of  fire ; by  it’s  operation  it 
makes  us  pafs  in  the  twinkling  of  an  eye  fron> 
a Ifate  of  the  thickeft  darknefs  to  that  of  the 
brighteft  day ; it  gives  us  as  it  were  a new  exift- 
cnce,  making  us  go  out  of  ourfelves,  and  enter  into 
communion  and  commerce  w ith  the  moft  difiant 
objcdls.  Heat  and  light  are  undoubtedly  the  off- 
fpring  of  fire;  but  we  are  equally  unable  to  draw 
the  line  of  feparation,  or  to  trace  the  bond  that 
unices  them.  You  need  not  be  furprized  at  thefe 
various  modifications  of  the  fame  fiuid,  when  you 
refled;  on  what  you  have  already  feen  in  this  world, 
where  beauty  is  fo  diverfijicdy  where  being  is  fo  mul- 
iiforniy  and  yet  where  one  and  the  fame  face  of 
things  is  ever  prefented  to  your  view. 

As  the  eye  among  the  organs  ot  body,  fo  optics 
among  the  branches  of  natural  philofophy,  is  the 
mofl:  noble,  curious,  and  ufeful ; and  this  whether  it . 
is  treating  of  Ample  vifion,  of  that  through  glalfes, 
or  of  the  efl'cdls  of  mirrors,  all  fiill  relates  to  the 
eye,  and  you  are  intimately  concerned  in  all  the. 
phenomena  of  which  it  treats.  If  you  cafl;  your  eyes 
on  a large  plain,  and  run  rapidly  over  all  the  ob- 
jedls  thereon,  in  an  infiant  their  image  is  exadtly 
painted  at  the  bottom  of  your  eye ; if  you  look 
through  a telefcope  at  a diftant  objed,  it  appears 
as  if  it  were  within  a few  inches  of  the  eye.  Does 
age  weaken  the  fight  ? a convex  glafs  reflores  it 
again  ; if  the  eye  be  fo  formed  as  not  to  be  capa- 
ble of  viewing  diftant  objecds,  a concave  glafs  re- 
medies the  defeed.  Have  you  occafion  for  heat 
beyond  the  firength  of  the  furnace?  optics  will  in- 
flruct  you  how  to  obtain  it  from  the  folar  rays. 
With  a prifm  in  your  hand  you  dccompofe  thofe 
rays,  and  fhew  that  the  rays  of  light  which  ap- 
pear to  us  uncoloured,  confifl:  of  feven  primitive 
colours. 

L 3 Amongfl: 
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Amongfl:  the  various  inventions  of  human  art, 
there  arc  none  fo  jufllv  entitled  to  your  admira- 
tion, as  thofe  which  enlarge  the  powers  of  vifion. 
And  the  difcovery  of  optical  ijijirument s may  be 
cftcemcd  amongfl  the  molh  noble,  as  w ell  as  amongfl 
the  mofl  ufeful  gifts  which  the  supreme  artist 
has  conferred  on  man.  For  all  admirable  as  the 
fy-e  came  but  of  the  hands  of  him  who  made  it, 
yfft  no  organ  of  the  animal  frame  hath  he  permit- 
ted to  be  fo  much  affifted  by  human  contrivance, 
not  only  for  the  ufes  and  comforts  of  life,  but  for 
the  advancement  of  natural  fcience,  whether  as  in 
micro/ copes ^ by  giving  form  and  proportion  to  the 
minute  parts  of  bodies  (as  it  were  to  the  atoms  of 
nature)  imperceptible  before;  or,  by  contradling 
fpace,  as  by  the  ielefcope,  ?.nd,  as  by  magic  art, 
bringing  to  view  the  grander  objebls  of  the  uni- 
verfe,  the  immenfe  diftances  of  which  had  either 
' difguifed  their  afpecl,  or  rendered  them'quite  in- 
vifible.* 

Yet  fo  fmguiar  are  the  difpofitions  of  men  who 
term  thcmfelves  philofophers,  that  you  will  find 
them  on  the  one  hand  denying  the  exiflcncc  of  all 
fpiritual  beings  and  Jpiritual  agency ; and  on  the 
other,  fooner  than  own  and  acknowledge  the  unity 
of  defign  and  vvifdom,  that  is  evident  in  all  parts 
of  creation,  they  will  embrace  the  greatefl  abfur- 
dities,  and  make  fire  and  light  to  be  mere  qiiali- 
ties.  That  light  is,  how  ever,  the  adlion  of  a mate- 
rial, real  fubilance,  will  become  very  evident  to  you 
by  a few'  conhderations. 

I ft.  The  motion  of  light  is  progreffive,  like 
all  other  bodies ; and  it  has  been  proved  by  aflro- 
nomers,  that  it  takes  about  feven  or  eight  minutes 
in  paffing  from  the  fun  to  the  earth.  This  difco- 
very was  Yirfl  made  by  MonJ.  Rorner,  who  having  ob- 
served, that  the  eclipfes  of  fatellites  of  Jupiter 

appeared 

♦ Sir  John  Pringle’s  Difeourres, 
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appeared  fooner  or  later  than  they;  ought  by  theory, 
according  as  the  earth  was  nearer  to,  or  farther 
from,  Jupiter,  concluded  from  thence  that  the  mo- 
tion of  light  was  not  inftantaneous  ; and  by  obferv- 
ing  the  different  times  of  the  appearances  of  thefe 
eclipfes,  .according  to  the  different  diftances  of 
the  earth  from  Jupiter,  difeovered  the  time  it  took 
up.  This  theory  was  further  confirmed  by  a nota- 
ble dlfcovery  of  Dr.  Bradley,  of  an  apparent  mo- 
tion of  the  fixed  flars,  and  elegantly  accounted  for 

by  the  motion  of  light. 

From  Dr.  Bradley’s  obfervations  it  appears, 
that  light  is  propagated  as  far  as  from  the  fun  to 
the  earth  in  8 minutes  12  feconds.  And  it  like- 
wife  appears,  that  the  velocity  of  light  is  uniform 
and  the  fame,  whether  original,  as  from  the  ftars, 
or  reflected,  as  from  the  fatellites  of  Jupiter. 

2.  Light  may  be  flopped,  or  refilled,  in  it’s 
paffage  from  one  place  to  another  by  the  inter- 
pofition  of  an  opake  body,  as  other  fluids  are  flop- 
ped in  their  courfes  by  the  oppofition  of  any  f(3lid 
fubflance. 

- 3.  Like  all  other  bodies  in  motion,  it  may  be 
turned  out  of  it’s  redilinear  courfe,  and  have  the 
determination  of  it’s  motion  changed  ; it  may^  be 
colleded  into  a fmall,  or  fcattered  through  a large 
fpace. 

4.  It  ads  upon  the  organs  of  animals,  and 
upon  all  other  bodies,  in  a limilar  manner  to  other 
fluid  fubflances,  ffriking  them  with  a determined 
force,  communicating  to  them  a certain  degree  of 
motion,  and  feparating  their  component  parts. 

I'he  velocity  of  light  being  known,  \\  c Ihould 
be  able  to  effimate  the  magnitude  of  it’s  partiejes, 
if  we  were  in  poffeffion  of  good.obfcrvatioriS  of  th.e 
effed  of  their  momentum.  For  example,  it  is  found 
• that  a ball  from  a cannon  at  it’s  firll  difcharge  tiies 
with  a velocity  of  about  a mile  in  8 feconds,  and 

L 4 would 
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would  therefore  arrive  at  the  fun  in  32  years,  fup- 
poling  it  to  move  with  unremitted  velocity.  Now 
light  moves  through  that  fpace  in  about  8 minutes, 
which  is  two  million  times  fafter.  But  the  forces 
with  which  bodies  move  are  as  their  malTcs  mul- 
tiplied by  their  velocities  : if  therefore  the  parti- 
cles of  light  were  equal  in  mafs  to  the  two  mil- 
lionth part  of  a grain  of  fand,  we  fliould  be  no 
more  able  to  endure  their  impulfe  than  that  of  fand 
when  fhot  point  blank  from  a cannon,* 

Definitions. 

The  caufe  and  nature  of  vif  on  is  properly  the 
fubjed:  of  that  part  of  philofophy  which  is  called 
by  the  name  of  optics.  But  as  light  is  a principal 
inftrument  in  effeding  vilion,  the  word  optics  is 
iifed  in  a more  extend ve  fenfe,  and  every  thing  in 
philofophy  is  looked  upon  as  a part  of  optics, 
which  relates  to  the  nature  and  qualities  of  light. 

When  the  word  optics  is  ufed  in  the  lirider 
fenfe  for  the  theory  of  vifon,  the  fcience  of  optics 
is  divided  into  two  parts ; one  part  is  called  diop- 
iriesy  and  the  other  catoptrics. 

The  laws  of  refraftiony  and  the  effeds  which 
the  refradion  of  light  has  in  vilion,  are  thefubjed 
of  dioptrics. 

The  laws  of  refiexiony  and  the  effeds  which 
the  reflexion  of  light  has  in  vifion,  are  the  fubjed 
of  catoptrics. 

Thcfe  diffindions  will  however  be  of  little 
life  to  us,  nor  will  it  be  worth  our  while  in  thefe 
Ledures  to  keep  the  branches  of  optics  diffind 
from  each  other. 

Whatever  is  feen,  or  beheld  by  the  eye,  is  by 
opticians  called  an  ol^jedi. 

They 


♦ Nicholfon’s  Introduction  to  Philofophy,  vol.  i.  p.  256. 
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They  confidcr  every  luminous  ohje^  as  made 
up  of  a valt  number  of  minute  points  ; and  that 
each  of  thefe  points,  by  an  unknown  power,  fends 
forth  rays  of  light  in  all  diref/ionSy  and  is  thus  the 
center  of  a fphere  of  light  extending  indefinitely 
on  all  fides.  To  render  this  clearer,  confider  this 
fmall  brilliant  objedt  that  I place  upon  the  table, 
and  you  will  find,  that  you  can  fee  it  from  any 
part  of  the  room  ; it  is  therefore  evident,  that 
rays  of  light  muft  proceed  from  all  parts  of  it,  and 
extend  indefinitely  on  all  fides. 

By  a ray  of  light,  is  ufually  meant,  the  leafi: 
particle  of  light  that  can  either  be  intercepted 
alone,  whilft  all  the  reft  are  fulfered  to  pafs,  or 
that  can  be  let  pafs  alone,  whilft  all  the  reft  are 
intercepted. 

Any  parcel  of  rays  diverging  from  a point, 
confidered  as  feparate  from  the  reft,  in  called  a • 
y>encil  of  rays. 

By  a inediuniy  in  the  language  of  opticians, 
is  meant  any  pellucid  or  tranfparent  body,  which 
fufters  light  to  pafs  through  it.  Thus  water,  air, 
a diamond,  and  glafs,  are  called  mediums. 

One  medium  is  faid  to  be  more  di^nfe  than 
another,  w hen  it  contains  more  matter  in  the  fame 
bulk  and  fizc  : thus  glafs  is  more  denfe  than  water, 
water  is  more  denfe  than  air. 

A fmall  obje(ft,  or  phyfical  point  of  an  objedt, 
confidered  as  propagating  light  towards  a certain 
part,  is  fometimes  called  a radiant,  or  radiating 
point. 

Thofe  rays  which  proceed  from  any  point  at 
a very  great  diftance,  may  be  confidered  as  parallel 
rays;  for  the  greater  the  diftance  of  the  jDoint  from 
whence  rays  flow',  the  nearer  do  they  approach  a 
parallel  diredlion. 


Of 
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Of  the  general  Principles  on  avhich  Optical 
Demonstrations  are  founded. 

To  illuflrate  and  explain  fome  of  the  general 
principles  of  optics,  J fliall  darken  this  room,  and 
only  admit  the  light  by  a fmall  hole:  oppofite  to 
the  hole  I fhall  place  a white  fereen.  Now  if  you 
look  at  the  fereen,  you  will  obferve  thereon  .a  pic^ 
turc  of  all  the  exterior  objeefts  which  are  oppoGte 
to  the  hole,  with  all  their  natural  colours:  the  co- 
lours are  faintly  depicted;  the  images  of  the  objects 
that  are  flat  ionary,  as  houfes,  trees,  &c.  are  fixed  and 
Itationary  in  the  picture  ; while  the  images  of  thofe 
that  are  in  motion,  as  thofe  of  horfes,  8zc,  are 
feen  to  move.  You  obferve  that  the  image  of  every 
objecl:  is  inverted ; this  is  occafioncd  by  the  rays 
of  light  crofTing  each  other  as  they  pafs  through 
the  hole.  The  fun  fhines  this  moment  on  the 
hole,  as  you  may  fee  by  the  luminous  ray  proceed- 
ing from  it  to  the  fereen.  Now  if  either  of  you 
will  place  your  eye  in  this  ray,  you  will  find  that 
your  eye,  the  fun,  and  the  hole,  are  in  one  and  the 
fame  flrait  line.  It  is  the  fame  with  every  other 
objed:  which  is  depided  on  the  fereen.  The  images 
of  the  objedis  are  fmaller  in  proportion  as  the  ob^- 
jedls  are  further  from  the  hole. 

Let  us  now  confider  a few  among  the  many 
important  inferences  that  may  be  deduced  from 
the  foregoing  experiment. 

It  mufl  be  evident  to  you,  that  light  moves  or 
ndfs  in  a ftrait  line  ; for  you  faw  that  your  eye,  the 
image  of  the  object,  and  the  objed,  were  always 
in  a right  line.  This  is  alfo  plain  from  the  Iba- 
dows  which  opake  bodies  call ; for  if  the  light  did 
not  deferibe  ftrait  lines,  there  would  be  no  fhadow  : 
it  is  equally  plain  from  lights  finding  no  pafTage 
through  bent  tubes. 


As 
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As  the  rays  of  light  are  conflantly  propagated 
In  right  lines  from  luminous  bodies,  whenever  I 
have  occafion  to  reprefent  a ray  of  light,  I fl:iall  do 
it  by  a llrait  line  reaching  from  a luminous  body 
to  the  body  illumined ; that  is,  I fliall  fpeak  of  the 
line  which  the  ray  deferibes,  as  if  it  was  the  ray 
itfelf. 

It  is  manifcfl  alfo  that  light  confifls  of  parts 
both  fuccelTive  and  cotemporary,  bccaufe  in  the 
fame  place  you  may  Pop  that  which  comes  one 
moment,  and  let  pafs  that  w'hich  comes  prefently 
after  ; and  at  the  fame  time  you  may  flop  it  in  any- 
one place,  and  let  it  pafs  in  any  other.  In  other 
w'ords,  the  light  which  falls  upon  an  objedl  all  at 
once,  at  the  fame  inftant,  is  cotcmporary\  the  light 
which  from  time  to  time  continues  to  fall  on  an 
objecl  is  fuccejjive,  confifting  of  parts  foliowdng 
one  another. 

A fecond  inference  deducible  from  our  ex- 
periment is,  that  a luminous  point  may  he  Jeen  from 
all  places  to  which  a frait  luie  can  he  drawn p without 
meeting  with  an  intervening  ohftacle.  This  mufl  be 
evident  to  you,  when  you  remember  that  the  pic- 
ture of  an  object  in  motion  in  thefe  experiments 
was  vifible  as  long  as  it  was  in  a line  wdth  the  hole 
and  fereen. 

It  follows  from  hence,  that  a luminous  point ^ by 
fome  unknown  \yo\\  tr,  fends  forth  rays  in  all  direc^ 
iionSy  and  may  be  confidered  as  the  center  of  a fphere 
of  light  extending  indefinitely  on  all  fides. 

This  you  may  underftand  ftill  better  by  look- 
ing at  fig.  lypl.  I ; where  you  find  the  point  O of 
the  dart  is  vifible  to  an  eye  placed  in  either  of 
the  fituations  A,  B,  C,  D,  E,  F,  G. 

If  you  conceive  fome  of  thefe  rays  to  be  in- 
tercepted by  a plane,  then  is  the  luminous  point 
the  fummit  of  a pyramid,  the  body  of  which  is 

formed 
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formed  by  the  rays  proceeding  therefrom  ; the  bafe 
is  the  intercepting  plane. 

The  image  of  the  furface  of  an  object:  on  the 
fereen,  is  alfo  the  bafe  of  a pyramid  of  light,  the 
fummit  of  which  is  the  hole.  The  rays  which 
form  this  pyramid  crofs  at  the  hole,  and  there  form 
another  pyramid,  of  which  the  hole  is  again  the 
fummit,  but  the  furface  of  the  objed  is  the  bafe. 

An  ohje^  is  vi/iblfy  hecaiife  all  il’s  points  are 
radiant  points.  Rays  of  light  are  incelfantly  propa- 
gated from  every  phyfical  point  of  an  objed:,  other- 
wife  the  w'hole  object  w^ould  not  be  vifible;  and 
that  all  at  once,  and  to  all  pofitions  of  the  eye. 

For  wherefoever  a fpedtator  is  placed  with 
refped:  to  a luminous  body,  every  point  of  that  part 
of  the  furface  which  is  turned  towards  him,  is  vifi- 
ble : each  point  is  therefore  a radiant  point,  emit- 
ting rays  in  all  diredtions  ; and  thofe  rays  only  are 
flopped  in  their  paffage  by  an  interpofed  obj^dt, 
which  would  be  intercepted  upon  the  fuppofition 
that  the  rays  move  in  right  lines. 

Another  inf<frence  which  you  w ilfmake,  is 
this,  that  the  particles  of  light  are  indefinitely 
Jmall  \ for  the  rays  w hich  proceed  from  the  points 
of  all  the  objecds  oppolite  to  the  hole,  pafs  through 
it,  w'ithout  confounding  or  embaraffing  each  other. 
Exquilitely  minute  they  inulhbe,  w hen  myriads  can 
move  all  manner  of  ways  without  impinging  one 
another;  and  thk  this  is  the  cafe,  you  cannot  doubt, 
fince  different  bodies,  and  different  parts  of  the 
fame  body,  are  diffindlly  vifible  at  the  famie  time. 
How'  curious  muff  be  the  texture  of  the  eye  to  be 
fenfible  of  thefe  fmall  impulfes,  and  to  diffinguifli 
at  the  fame  time  thofe  from  different  objeds  1 

If  you  make  a hole  with  a pin  in  a piece  of 
- paper,  and  look  through  it,  you  fee  all  the  objects 
that  are  before  you,  be  they  ever  fo  many ; now^ 
fincc  thefe  objects,  and  each  point  of  thefe  objects 
'a  become 
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become  vifible  by  means  of  the  rays  of  light  com- 
ing from  thence  to  the  objcdl,  you  may  form  fomc 
idea  of  their  extreme  minutenefs.  If  a common  tal- 
low candle  be  lighted,  and  fet  by  night  on  a high 
tower,  it  may  be  feen  all  round  at  the  diftahee  of 
half  a mile  from  the  tower:  wherefore  there'is  no 
place  within  a fphere  of  a mile  diameter  in  which 
the  eye  can  be  placed,  where  it  will  not  receive 
fomc  rays  from  this  fmall  flame.  Rays  of  light 
will  pafs  without  confufion  through  a fmall  punc- 
ture in  a piece  of  paper,  from  feveral  candles  in 
a line  parallel  to  the  paper,  and  form  diftindt 
images  on  a Iheet  of  pafleboard  placed  behind  the 
paper. 

Every  ray  of  light  carries  with  it  the  image  of 
the  point  from  which  it  was  emitted* 

If  therefore  all  the  rays  coming  from  any 
point  are  united  in  the  fame  order  in  w'hich  they 
proceeded,  or  were  emitted,  there  will  be  a perfed: 
reprefentation  or  imag^  of  that  objedt,  at  the  place 
where  they  are  thus  orderly  united. 

Another  property  in  the  rays  of  light  is  their 
REFLF.XIBILITV,  or  difpofltion  of  being  turned  back 
into  the  medibm  from  whence  they  came;  and  in 
this  they  obferve  the  fame  mechanical  laws  with 
other  bodies  in  their  reflexions,  that  is,  the  angle 
of  reflexion  is  always  equal  to  the  angle  of  incidence. 
The  truth  of  this  pofition  may  be  confifmed’by 
many  experiments;  one  or  two  will  be  fulhcient. 
Let  us  return  to  our  dark  room,  and  I fnall,  by 
means  of  a mirror  without,  let  a beam  ot  folar  light 
pafs  through  the  hole  upon  this  part  ot  the  floor; 
w’herc -the  beam  falls  I put  a looking  glafs;  I now. 
till  the  room  with  duft  to  render  the  beam-of  light 
more  vifible,  and  you  fee  that  it  is.  reflected  back 
into  the  aif;-aifd  that  the  inclination  of  there- 

' fleded 
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fleded  beam  is  cxfiAly  the  fame  as  that  of  the  inV 
cidenc  beam.  This  law  may  be  conlirmed  by  an- 
other eafy  experiment,  which  I will  Ihew  you  in  the 
next  room.  Here  is  a graduated  femicirde,  at  the 
center  of  which  is  a fmall  piece  of  looking-glafs'. 
I place  a fmall  objeeff  on  the  graduated  edge  of  the 
femicirde,  and  on  the  oppolite  quadrant  thereof, 
and  exadfly  at  the  fame  angle,  I place  the  light. 
Now  if  either  ot  you  look  through  the  light,  you 
will  fee  the  objed  ; but  it  you  remove  the  fight- 
piece  a little  higher  or  lower,  you  will  not  per- 
ceive the  objed. 

Of  Refraction. 

There  is  another  property  of  light,  which  i-s 
it’s  ref  rang!  L'ility^  or  difpoiition  to  be  refra^tedy  or 
turned  out  of  it’s  ftrait  courfe,  in  palling  obliquely 
out  of  one  medium  into  another  of  different  denlity. 

This  refraPJon  is  greater  or  lefs,  that  is,  the 
rays  are  more  or  lefs  bent  and  turned  alide  from 
their  path,  as  the  iTiedium  through  which  they  pafs 
is  more  or  lefs  denfe.  Thus,  for  inffance,  the  rays 
are  more  refraded  in  pafling  from  air  into  glafs^ 
than  from  air  into  water;  and  glafs  is  you  know 
much  more  denfe  than  water;  the  denfer  the  me- 
dium, the  more  the  rays  are  bent,  and  approach  a 
perpendicular  let  fall  upon  it’s  furface.  I would 
be  underffood  ahvays  to  fpcak  of  the  rays  which 
fall  obliquely  upon  thefe  mediums ; for  thofe  rays 
•which  fall  perpendicularly  do  not  fuffer  any  devia- 
tion, the  refraclion  only  taking  place  when  the  rays 
fall  obliquely y and  is  fo  much  greater  as  their  in- 
cidence-is  niore  oblique,  and  the  medium  more 
denfe.  After  having  taken  the  new  diredion,  the 
Tay  again  proceeds  invariably  in  a flrait  line,  till  it 
-meets  with  a different  medium,  when  it  is  again 
turned  out  of  it-’s  c'^urfe. 


Take 
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Take  an  empty  bafon,  and  at  the  diameter  of 
the  bottom  fix  marks  at  a fmall  diflance  from  each 
other ; then  take  it  into  the  dark  room,  and  let  in  a 
ray  of  light ; and  where  this  falls  upon  the  floor, 
place  your  bafon,  fo  that  it’s  marked  diameter  may 
point  tow^ards  the  window,  and  fo  that  the  beam 
may  fail  on  the  mark  moil  diflant  from  the  win- 
dow. This  done,  fill  the  bafon  with  water,  and 
you  will  obferve  that  the  beam  which  before  fell 
upon  the  mofl  diflant  mark,  will  now  by  the  re- 
fractive power  of  the  water  be  turned  out  of  it’s 
llrait  couife,  and  will  fall  two  or  three,  or  more 
marks  nearer  the  center  of  the  bafon. 

Make  the  water  in  the  bafon  muddy,  but  not 
fo  much  fo  as  to  deffroy  it’s  tranfparency,  which 
you  may  eafily  do,  by  dropping  therein  a few  drops 
of  milk,  or  difiblving  in  it  fome  grains  of  faccha- 
rum  faturni ; then  fill  the  room  with  duft,  and  the 
beam  of  light  will  be  very  vifible,  both  in  it's 
paflage  through  the  air  and  the  w^ater,  and  you  will 
obferve  very  diftinclly  three  beams,  that  of  inci^ 
dence,  which  in  coming  through  the  hole,  falls  ob- 
liquely on  the  water ; that  of  reflexion  from  the 
furface  of  the  water,  making  the  angle  of  reflexion 
equal  to  that  of  incidence  ; and  that  of  refradfion^ 
which  from  the  furface  where  it  was  bent,  moves 
on  in  a firait  line  to  the  bottom  of  the  bafon.  All 
things  remaining  the  fame,  place  a fmall  piece  of 
looking-glafs  at  the  bottom  of  the  bafon,  where  the 
refra^ed  beam  falls,  and  it  will  thereby  be  refle(fted 
back  again  through  the  water,  and  in  pafTing  out 
of  the  water  into  the  air  will  be  again  refradfed  or 
turned  out  of  it’s  coiirfe. 

Another,  though  very  common  experiment, 
will  give  you  a clear  idea  of  the  power  of  refradion ; 
place  a piece  of  money  at  the  bottom  of  this  bafon, 
and  walk  back  therefrom  till  you  cannot  fee  the 
piece  of  money;  let  feme  wat«r  be  poured  into  the 

bafon. 


i6o  Lectures  on  Natural  Philosophv. 

% 

bafon  ; and  as  before  you  could  not  fee  the  piece 
of  money  where' it  was,  you  will  now  fee  it  where 
it  is  not.  It  is  not  your  eye  that  has  changed  place, 
but  the  ray  of  light  has  taken  a new  diredlion  in 
paiTing  from  the  water  into  the  eye,  and  ftrikes  your 
eye  as  if  it  came  from  the  piece  of  money.  This 
experiment  feidom  fails  to  furprife  thofe,  who  arc 
unacquainted  with  the  properties  of  light;  as  they 
do  not  comprehend  how  the  filling  the  vefiel  with 
water  can  make  them  fee  an  obj  ceil  placed  at  the 
bottom,  and  which  was  not  vilible  to  them  be- 
fore, being  concealed  by  the  edge  of  the  velTel. 

The  advantages  we  derive  from  the  refradlion 
of  light  are  ineftimable : w ithout  this  property  we 
fhould  have  figured  glaffes  in  vain,  and  telefcopes 
and  microfeopes  would  not  have  exifted.  The  re- 
fradlion  of  light  at  the  furfaces  of  tranfparent  bo- 
dies was  taken  notice  of  by  the  ancients.  Ariftotle 
has  a problem  concerning,  the  apparent  curvity  of 
an  oar  in  water.  And  Archimedes  is  faid  to  have 
written  on  the  appearance  of  a ring  or  circle  un- 
der water.  Alhazeu  the  Arabian,  and  VitelUo, 
thought  that  the  angles  of  incidence  and  refradlion 
w^erc  in  a g-iven  ratio.;  but  the  proportion  they  laid 
down  being  found  • erroneous  in  large  angles,  the 
fubjcjii:  was  examined. more  ftriclly  by  the  moderns. 
Kepler  among -t-bp  rcfl.  made  feveral  .experiments 
concerning  it,  and  though  he  miffed  his  aim,  his 
attemj3ts  and  conjectures-  were  ufeful  to  others. 
After- the  iriyeqtipn.  of  the  telefcope,  this  fubjedt 
being  thoi;ght  more  valuable  than  before,  was  far- 
ther piirfued ; and  SneU'ius  found  out  the  truth ; 
but  Lkfc-artes.vs.d^s  the  firft  who  publifhed,  that  the 
Jines  of.  incidence  and.  refratiion  (and  not  their  an- 
gles) are- in  a given  .ratio, . 

In  explaining  this  fubjedl,  as  well  as  in  other  ^ 

parts  of  optics,  1 have  rccourfe  to  diagrams, 

* ■ ■ as 
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as  the  theory  will  require  all  your  attention ; but 
you  will  not,  I hope,  permit  the  thorns  and  briars 
which  interrupt  the  path  of  fcience,  to  prevent 
your  proceeding  therein  ; for  whatever  is  good  can 
only  be  obtained  by  labour  \ and  fcience,  like  virtue, 
difdains  the Jlothfiil  and  the  negligent. 

Let  B C,  pi.  I,  jig.  2,  reprelent  the  furface  of 
water,  or  any  other  tranfparent  medium  denfer  than 
air.  Let  A be  the  point  of  incidence,  in  which  any 
ray  coming  through  the  air  from  F,  falls  upon  the 
furface  of  the  water,  where  it  is  refracfled  from  it’s 
Itrait  courfe  A K in  the  line  A G.  About  A as  a 
center  with  the  radius  A F deferibe  the  circle 
BFCKE;  at  the  point  of  incidence  A,  ered:  a 
perpendicular  A D,  and  produce  it  downward  to 
E;  from  F upon  the  line  AD,  let  fall  the  perpen- 
dicular F H,  and  from  G upon  A E,  let  fall  the 
perpendicular  GI. 

The  angle  FAD,  which  the  incident  ray  F A 
makes  with  the  perpendicular  DA,  is  the  angle  of 
incidence.  The  line  F H is  the  fine  of  the  angle  of 
incidence  FAD. 

The  angle  G A E,  which  the  refradled  ray 
GA  makes  with  the  perpendicular  A E,  is  the  an^ 
gle  of  ref r action.  The  line  G I is  the  fine  of  the 
angle  of  refraction. 

The  angle  K A G contained  between  the  line 
of  diredion  of  an  incident  ray,  and  the  diredion 
of  the  fame  ray  after  it  is  refradled,  is  the  angle  of 
deviation. 

Thefe  things  being  underflood,  I may  now 
mention  to  you  the  laws  of  refradion,  wLich  have 
by  repeated  experiments  been  found  to  be  general 
and  without  any  exception. 

I.  The  angles  of  refrablion  and  incidence  lie  in 
(me  and  the  fame  plane,  that  is,  in  the  plane  drawn 
through  the  incident  ray,  and  the  perpendicular  at 
the  point  of  incidence. 

VoL.  II.  M 2.  The 
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2.  The  rays  of  light  are  always  refracted  when 
they  pafs  obliq^/ely /ro???  one  medium  into  another, 
whofe  denfiiy  is  different  from  that  of  the  firft. 

3.  A ray  of  light  falling  obliquely  upon  the  fur- 
face  of  a denfer  mediufn  is  refracted  towards  the 
perpendicular,  that  is,  fo  that  the  angle  of  refrac- 
tion be  lefs  than  the  angle  of  incidence  : on  the 
contrary,  the  refraction  out  of  a denfer  medium  into 
a rarer,  as  out  of  glafs  into  air  or  zvater,  is  made  from 
the  perpendicular,  fo  that  the  angle  of  refradlion  be 
greater  than  the  angle  of  incidence. 

4.  When  a ray  of  light  is  refradled  out  of  air 
into  a given  medium,  or  out  of  a given  medium 
into  air,  the  fine  of  the  angle  of  incidence  is  to  the 
fine  of  ike  angle  of  the  refraction  in  a given  ratio ; 
in  other  words,  there  is  a certain  and  immutable 
law  or  rule  by  which  refradlion  is  always  performed ; 
and  that  is  this  : v/hatever  inclination  a ray  of  light 
has  to  the  furface  of  any  medium  before  it  enters, 
the  degree  of  refradlion  wdll  always  be  fuch,  that 
the  proportion  between  the  fine  of  the  angle  of  it’s 
incidence,  and  that  of  the  angle  of  it’s  refradlron, 
will  always  be  the  fame  in  that  medium. 

Hence  if  that  proportion  be  known  in  any 
one  inclination  of  the  incident  ray,  it  is  known  in 
all  inclinations,  and  thereby  the  refradtion  in  all 
cafes  of  incidence  on  the  fame  refradling  ray  may 
be  determined. 

When  a ray  of  light  is  refraded  out  of  air 
into  glafs,  the  fine  of  incidence  is  to  the  fine  of. 
refraction  as  31  is  to  20,  or  as  3 to  2 nearly ; or  out 
of  air  into  water,  as  4 to  3.  Hence  the  fine  of  in- 
cidence is  to  the  fine  of  refraction,  when  a ray 
paffes  out  of  water  into  glafs,  as  t to  It,  or  as  93 
'to  80. 

5.  A ray  of  light  cannot  pafs  out- of  a denfer  me- 
dium into  a rarer,  if  the  angle  of  incidence  exceeds 

a certain^ 
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a tertain  limit ; * that  is,  when  the  fine  of  inci- 
dence has  a greater  proportion  to  radius,  than 
it  has  to  the  fine  of  refradicn. 

A ray  of  light  will  not  pafs  out  of  glafs  into 
air,  if  the  angle  of  incidence  exceeds  40°  iT',  the 
fine  of  which  is  |r  parts  of  the  radius ; or  out  of 
glafs  into  water,  if  the  angle  of  incidence  exceeds 
about  59°20'.  Refradion  vvdll  be  changed  into  re- 
fledion. 

I 

In  general,  the  denfefl  mediums  refifl  the  adion 
of  light  iefs  than  thofe  that  are  more  rare,  the  angle 
of  refradion  being  fmaller  than  that  of  incidence : 
and  on  the  other  hand,  the  rareff  mediums  feem  to 
refill  it  lefs  : and  it  has  been  laid  down  as  a law, 
that  all  bodies  have  their  refradive  powers  propor- 
tional to  their  denfities,  excepting  fo  far  as  they 
partake  more  or  leis  of  fulphureous  oily  particles. 
Mr.  Briffon  has  flicwn,  in  the  memoirs  of  the  aca- 
demy of  fciences  for.  1777,  refradive 

power  of  inflammable  bodies  compared  together 
does  not  follow'  the  ratio  of  their  denfities. 

6.  All  refraffion  is  reciprocal.  If  a ray  of  light 
is  refraded  in  pafling  out  of  one  medium  into  an- 
other ; then,  if  that  ray  was  to  return  back  again, 
it  would  be  refraded  jufi  as  much  the  contrary 
way:  or  if  the  refraded  ray  become  the  incident 
ray,  then  the  incident  ray  will  become  the  refraded 
one. 

\ 

When  the  angle  of  incidence  is  increafed  the 
correfponding  angle  of  refradion  will  alfo  be  in- 
creafed.  If  two  angles  of  incidence  be  equal  to 
each  other,  the  angles  of  refradion  will  be  alfo 
equal.  In  the  fame  manner,  if  the  one  be  dimi- 
nifhed,  the  other  alfo  wdll  be  diminifhed;  fo  that  if 


V u ? demonftrafed  upon  the  principle  that 

light  IS  an  homogeneal  fubftance ; and  though  light  will  appear  to 
he  compounded  of  teveral  rays,  yet  the  principles  of  refraaion, 
&c.  are  true  when  applied  to  rays  of  any  one  fort. 
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one  of  thefe  angles  becomes  infinitely  fmall,  the 
other  becomes  fo  alfo. 

The  di region  of  a ray  is  not  change dy  if  it  moves 
through  a medium  terminated  by  two  furfaces  parallel 
to  each  other;  for  as  much  as  it  is  turned  towards 
any  fide  at  it’s  entrance,  fo  much  is  it  exafi;i.y  turned 
the  other  way  as  it  goes  out  of  the  faid  medium. 

While  a ray  moves  in  the  fame  uniform  me- 
dium, it  docs  not  change  it’s  dired:ion. 

Of  the  Force  and  Intensity  of  Light. 

In  a free  metlium  the  force  and  intenfty  of  light 
propagated  in  parallel  rays  is  always  the  fame. 

■For  in  fuch  a medium  there  is  nothing  to  im- 

O 

pedc  it’s  progrefs,  hinder  it’s  adion,  retard  it’s 
velocity,  or  change  it’s  diredion. 

In  a free  medium  the  force  and  intenfty  of  the 
light  y zvbich  is  propagated  by  rays  proceeding  from 
the  fwie  polity  are  in  an  inverfe  ratio  of  the  f-quares 
of  the  diflances  from  this  point.  This  is  manifefi:  from 
the  principles  of  geometry,  and  I fhall  foon  render 
it  evident  to  you  by  experiment. 

it  fcarce,  however,  wants  any  experimental 
proof;  for  light  radiating  from  a center,  it’s  inten- 
lity  mufi;  dccrcafe,  as  all  rays  do  that  proceed  from 
a center;  i.  e.  rnufi:  necefiarily  become  thinner  and 
thinner,  continually  fpreading  themfelves,  as  they 
pafs  along,  into  a larger  fpace,  and  that  in  propor- 
tion to  the  fquares  of  their  diflances  from  the  body  ; 
that  is,  at  the  di fiance  of  two  fpaces,  they  are  four 
times  thinner,  or  lefs  intenfe,  than  they  are  at  one, 
and  fo  on,  becaufe  they  fpread  themfelves  in  a two- 
fold manner,  upwards  and  downwards,  and  fide  ways. 

If  the  light  which  flows  from  a point,  pafics 
through  afquare  hole,  as  b c d esy  fig.  3,  pi.  i,  be  re- 
ceived upon  a plane  B C DE  placed  parallel  to  the 
plane  of  the  hole;  and  the  diflancc  A B be  double 
of  A b ; then  the  iengthand  breadth  of  the  lhaefcw 
2 BD 
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BD  will  each  be  double  the  length  and  breadth  of 
the  plane  b d,  and  treble  when  AB  is  treble  of  Ab, 
and  fo  on  ; as  you  may  eafily  prove  by  the  light  of  a 

candle  placed  at  A.  , r l • 

Hence  Itim-inous  bodies,  or  thofe  that  Ihme 

with  their  own  light,  are  vafHy  brighter  than  opake 
bodies  illuminated  by  them;  for  opake  bodies 
difperfe  the  light  falling  upon  them  in  all  manner 
of  ways  : whence  fuppofing  all,  the  light  to  be  re^ 
fleded,  the  quantity  received  by  the  eye  from  the 
opake  body,  compared  with  that  received  from 
the  luminous  body,  is  only  as  the  vifible  illuminated 
furface  of  the  opake  body  to  the  furface  of  an 
hemifphere,  whofe  radius  is  the  dihance  of  the 
opake  body  from  the  eye  ; fuppofing  the  breadth 
of  the  pupil  to  be  the  fame  in  both  cafes,  and 
that  the  fum  of  the  difiances  of  the  opake  body 
from  the  eye,  and  from  the  luminous  body,  differs 
•infenfibly  from  the  du  ccl  difiance  of  the  luminous 
body  from  the  eye. 

Hence  the  light  of  the  full  moon  at  a me- 
dium is  about  300,900  times  fainter,  or  rarer, 
than  the  fun’s-light,  when  at  the  fame  height  above 
the  horizon,  all  other  circumfiances  being  the 
fame,  as  will  appear  by  comparing  the  moon’s  ap- 
parent difk  to  the  furface  of  a hemifphere.  Whence- 
fit  is  eafy  to  conceive,  that  fince  we  can  bear  the 
fun!s  heat,  we  cannot  be  fenlible  of  any  from  the 
moon. 

Though  accurate  .methods  may  be  ufed  for 
inveftigatingthe  intenfity  of  the  moon’s  light,  they 
are  too  abfirufe  for  our  Ledures.  But  the  follow^- 
ing  confideration  is  level  to  every  capacity : when 
the  moon  is  vifible  in  the  day-time,  it’s  light  is  fo 
nearly  equal  to  that  of  the  lighter  thin  cloud.s,  that 
it  is  with  difficulty  diftinguilhed  amongft  them. 
It’s  light  continues  the  fame  during  the  night;  but 
fhe  abfcnce  of  the  fun  permitting  the  aperture  of 

■M3  the 
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the  pupil  of  the  eye  to  dilate  itfelf,  it  becomes 
more  coiifpicuous.’’ 

It  follows  therefore,  that  if  every  part  of 
the  fky  were  equally  luminous  with  the  moon’s  difk, 
the  light  w'ould  be  the  fame  as  if  in  the  day-time  it 
w ere  covered  with  the  above-mentioned  thin  cloud. 
This  day-light  is  confequently  in  proportion  to  that 
of  the  moon,  as  the  whole  furface  of  the  vifible 
hemifphcr?  is  to  the  furface  of  the  moon,  that  is, 
nearly  as  ^0,000  to  i.”* 

We  do  not  know  any  medium  that  is  free,  or 
perfectly  trarjparent  \ even  the  air,  the  molt  rare 
and  tranfparent  we  are  acquainted  with,  is  full  of 
opake  particles  that  impede  the  light;  this  is  ma- 
nifeft  from  the  phenomenon  of  a beam  of  light  let 
in  through  a fmall  hole  in  a room,  w'hich  beam  is 
vifible  like  a luminous  cone  from  every  part  of  the 
room.  This  fliew's,  that  the  whole  light  does  not  go 
forwaid  in  it’s  rectilinear  CQurfe,  but  that  at  every 
p'jiiit  of  the  medium  through  which  it  paffeth,  fome 
part  of  it  is  reflecfted  every  way;  for  the  vifibility 
of  the  luminous  cone  is  caufed  by  this  reflection. 

he  greater  faint nefs  of  the  fun  and  the  moon^  w hen 
near  the  horizon,  than  when  elevated  higher  up, 
fhews  alfo  that  their  light  is  more  obftructed,  the 
traCl  of  air  and  vapours  being  longer  in  one  cafe 
than  the  other.  The  lofs  of  light  in  paffing 
through  glafs  is  (till  greater. 

U'he"  furface  alfo  of  bodies  both  tranfparent 
and  opake,  being  for  the  moil  part  uneven,  it  ne- 
celfarily  follow’s,  that  abundance  of  light  is  diffi- 
pated  even  by  bodies  the  mofl:  tranfparent,  fome 
being  reflected,  fome  refracted  towards  different 
parts  by  their  uneven  furfaces,  whillt  other  parts 
arc  refracted  and  reflected  with  fome  uniformity. 
This  accounts  for  a perfon  feeing  through  w^ater, 

and 

^ Nichol ton’s  Tntroduftion  to  Natural  Philofophy,  vol.  i.  p.  166, 
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and  his  image  being  rcfledled  by  it  at  the  fame  time; 
and  fhew§  why,  in  the  dulk,  the  furniture  in  a room 
may  be  fecn  by  the  refk6lion  of  a window  glafs, 
whilft  objedls  that  are  without  are  fecn  through  it. 

The  quantity  ol  light  contained  in  any  pencil 
is  continually  diminiflied,  the  greater  the  dillancc 
from  the  radiant ; and  this  diminution  is  greater 
or  lefs,  according  to  the  greater  or  lefs  degree  of 
opacity  in  the  medium  through  which  it  paffes. 

This  makes  it  impolTible  to  alTign  exactly  the 
different  proportions  of  the  denfity  of  light,  at 
different  diftances  from  the  radiant;  but  in  all 
cafes,  the  decreafeof  the  denfity  of  light  is  greater 
than  the  fquarcs  of  the  faid  diifances.  And  this  is 
the  reafon  why  objedls  appear  lefs  bright,  the  farther 
they  are  from  the  Ipecftator. 

If  none  of  the  rays  were  ffopt  in  their  paffage, 
the  degree  of  bright/nefs  of  the  pidture  of  an  ob- 
jedl  upon  the  retina,  would  be  the  fame  at  all 
diftances  between  the  eye  and  the  object,  fuppofing 
the  aperture  of  the  pupil  of  the  eye  to  remain  the 
fame.  For  in  that  cafe  the  magnitude  of  the  pic- 
ture upon  the  retina,  and  the  denlity  of  light,  would 
increafe  or  decreafe  together  in  the  fame  propor- 
tion, viz.  reciprocally  as  the  fquare  of  the  diftances 
of  the  eye  from  the  objecl;  and  therefore  the  den- 
iity  of  the  light  upon  the  retina  would  be  invari- 
able at  all  diftances.  For  example  ; when  the  eye 
approaches  as  near  again  to  the  objedl,  the  pidlurc 
upon  the  retina  becomes  quadruple  ; and  the  quan- 
tity of  light  received  Irom  the  objedt  through  the 
fame  aperture  of  the  pupil  at  half  the  diftance  is 
alfo  quadruple;  and  this  being  equally  fpread  over 
four  times  the  furfacc  ol  the  retina,  the  light  is  juft 
as  denfe  as  before,  when  the  object  was  at  twice  the 
diftance. 

Luminous  bodies  fnining  in  the  dark,  as  a 
lamp  or  torch,  &c.  emit  to  very  great  diftances 
much  more  light  than  in  that  cafe  is  ncccftary  for 

M 4 ' vifion: 
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vifion : and  though  their  light  fuffcrs  a continual 
diminution  by  the  heterogeneity  of  the  medium, 
the  farther  it  goes;  yet  there  being  (till  more  left 
than  is  neceflary  for  vifion,  their  fplendor  is  not 
fenfibly  increafed  or  dimini fhed,  by  leffening  or  in- 
crcafing  their  diftances. 

laght  is  not  only  diverted  out  of  it’s  courfe  by 
refledfion  from  the  bodies  it  meets  with,  but  a great 
part  of  it  is  alfo  frequently  fulfocated,  or  as  it  were 
dedroyed  by  them  ; tor  it  is  manifeft,  that  black  or 
dark  bodies  refiecl:  much  lefs  light  than  others  of 
lighter  colours;  and  it  is  probable  that  no  bodies 
rcficc^f  all  they  receive. 

The  power  of  the  eye  to  difcern  objects  with- 
out inconvenience  by  ditfercnt  quantities  of  light 
is  very  - extenfive  ; for  not  only  objeds  of  different 
colours  placed  in  the  fame  light  are  feen  with  equal 
eafe,  but  even  objeds  fo  fmall  as  the  letters  of  a 
book  may  be  diftinguifhed  and  read  by  a clear 
moon-light.  Now  admitting  the  furface  of  the 
eye’s  pupil  to  be  ten  times  greater  in  a weak  than 
in  a drong  light,  yet  the  proportion  of  the  weaked 
light  to  the  dronged,  by  which  the  eye  can  conve- 
niently fee  objeds,  perhaps  does  not  exceed  that  of 
I to  10,000.  How  exquidte  are  our  faculties! 

Experience  diews,  that  objeds  appear  fo  much 
more  obfeure  as  they  are  more  didant,  and  at  lad 
ceafe  to  be  vidble : this  obfeurity  arifes  from  the 
padage  of  the  rays  of  light  through  the  air,  a me- 
dium denfe  and  foul  enough  to  obdrud  them  in  a 
very  great  degree,  and  dildpate  a prodigious  quan- 
tity in  the  interval  between  the  eye  and  the  objed. 
The  experiments  and  calculation  of  M.  Bouguer 
diew,  that  looth  part  of  the  light  is  lod  at  i 89  fa- 
thoms of  horizontal  didance ; that  7469  fathoms,  or 
about  3'i  leagues,  diflipates  one  third  of  the  light ; 
and  that  they  ceafe  at  lad  to  be  vidble,  becaufe 
the  images  by  their  diminution  in  fize  and  light 

are 
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are  incapable  of  making  a fufficient  impreflion  on 
the  eye. 

By  a calculation  founded  on  experiment, 
M.  Bouguer  has  Ihewn,  that  of  - 10,000  rays,  that 
proceeding  from  a liar  would  reach  our  eye,  if  it 
were  not  for  their  palung  through  the  atmofphere, 
there  reach  it  no  more  than  are  iet  down  in  the 
following  table: 
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25 
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Mr.  Bouguer  has  alfo  lliewn  by  experiment, 
I.  That  the  light  of  the  fun  is  about  300,000  times 
Wronger  than  the  light  of  the  full  moon,  when  at 
it’s  mean  diftance  from  the  earth. 

2.  That  the  light  of  the  fun  is  not  fenfible 
when  it  is  diminifhed  1000,000,000,000  times,  and 
of  courfe  that  a body  is  truly  opake  when  it  per- 
mits only  1000,000,000,000  part  of  the  fun’s  light  ' 
to  pafs  through  it. 

Of  Images  and  Foci. 

On  account  of  the  extreme  minutenefs  of  the 
atoms  of  light  it  is  clear,  that  a iingle  ray,  or  even 
a fmall  number  of  rays,  cannot  make  a fenfible  im- 
prefTion  on  the  organ  of  fight,  of  which  the  fibres 
are  very  coarfe  when  compared  to  the  rays  of  light. 

A great 
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A great  number  of  rays  of  light  proceeding  from  thjfe' 
fame  point  or  portion  of  the  furface  of  the  body  are 
neceflary  to  render  this  portion  vifible.  But  as  the 
rays  of  light  proceeding  from  the  fame  point  arc 
wider  from  each  other  the  farther  they  extend,  it 
has  been  necelTary  for  particular  purpofes  either 
to  bring  them  near  and  unite  them  together  in  a 
point,  or  to  feparate  them  from  each  other. 

We  are  able  by  the  afliftance  of  glalTes  to 
unite,  in  one  feniible  point,  a great  number  of 
rays  proceeding  from  the  fame  point  of  an  objedt; 
the  rays  thus  united  in  a point  form  an  image  of 
that  point  of  the  objccfl;  from  which  they  proceed  ; 
this  image  is  brighter  in  proportion  as  there  are 
more  rays  united,  and  more  dijiintJ  in  proportion 
as  the  order  in  which  they  proceed,  is  better 
preferved  in  their  union.  On  placing  a polilhed 
and  white  plane  at  the  place  of  rheir  union,  you 
■will  fee  this  image  painted  in  all  it’s  proper  co- 
lours, if  no  adventitious  light,  is  permitted  to 
difturb  or  render  it  confiifed. 

The  point  of  union  of  the  rays  of  light  formed 
by  means  of  a glafs  lens,  or  a mirror,  is  called  the 
focus  of  this  glafs  or  mirror.  If  this  union  is  real, 
the  focus  is  called  a real  focus ^ or  fimply/bc/zr  ; it 
is  the  place  w'here  the  image  of  the  objedl  is  formed, 
and  proceeds  to  form  another  image  in  the  eye,  as 
if  it  were  the  real  objeci.  If  this  point  of  union 
is  nothing  more  than  a point,  to  which  the  rays  in 
the  new  direction  which  has  been  given  to  them 
tend,  but  are  not  actually  united,  this  point  is 
called  an  imaginary  focus.  It  is  alfo  the  place 
where  the  ohjebi  appears  really  to  be^  when  feveral 
of  the  rays  which  have  been  difperfed,  enter  in 
fulheient  quantity  into  the  eye  to  form  a fenfible 
image  of  the  objeci.  For  an  objedl  always  appears 
to  be  in  that  place  from  whence  it’s  light  feems  to 
come  to  our  eye. 

Since  every  ray  carries  with  it  the  image  of 

^ the 
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the  objed:  from  whence  it  proceeds,  it  follows,  that 
if  the  rays,  after  having  crojfcd  each  other^  and  hav^ 
ing  formed  an  image  at  their  interfe^tion,  are  again 
united  after  either  refledJion  or  refraction,  they  will 
form  a new  image;  and  fo  on  for  ever,  as  long  as 
their  order  is  not  confounded.  We  may  thus  form 
images  of  the  fame  objed,  as  often  as  we  can  unite 
the  proceeding  rays  without  confounding  them. 

It  follows,  that  fo  long  as  the  prcgrefs  only  of 
the  rays  of  light  are  attended  to,  the  image  may  be  con^ 
fidered  as  the  object,  and  the  objeCi  as  the  mage  ; and 
even  a fecond  image,  as  if  the  firfl  had  been  the  ori- 
ginal object, 

The  rays  of  light  may  be  differently  difpbfed 
relatively  to  each  other,  and  may  be  confidered  as 
parallel,  diverging,  or  converging. 

The  rays  are  parallel  when  they  always  keep 
at  the  fame  diftance  from  each  other. 

Thofe  rays  which,  in  proceeding  from  a point, 
continually  recede  from  each  other,  are  called  di- 
verging rays. 

1 hofe  rays  are  named  converging,  which,  pro- 
ceeding from  various  parts,  approach  nearer  to 
each  other  in  their  progrefs,  having  a tendency  to 
unite  in  one  point. 

When  two  mediums  touch  each  other,  their 
furfaces  mufl;  be  either  plane,  or  convex,  or  concave-, 
and  the  rays  which  ading  together  pafs  through 
thefe  mediums,  may  be  confidered  either  as  parallel, 
converging,  or  diverging.  We  will  examine  together 
the  cffeds  arifing  from  thefe  different  circum- 
ffances.  In  fpeaking  of  convex  or  concave  fur- 

facjs,  I ffall  only  confider  thofe  that  are  fpkeri- 
caliy  fuch. 

Of  Refraction  at  a Plane  Surface. 

Cafe  I.  When  incident  parallel  rays  pafs  oh^ 
hqnely  from  a rare  into  a denfe  medium  terminated 
by  a plane  furface. 


To 
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To  perform  the  experiments  for  this  and  ma- 
ny other  parts  of  optics,  I ufe  that  part  of  the  folar 
microfcope  that  carries  the  mirror,  fixing  it,  as  in 
the  prefent  infiance,  to  a window  fhiitter;  on  dark- 
ening the  room,  I can  throw  the  folar  rays  into  the 
room,  and  pafs,  them  through  the  tube  belonging 
'to  the  microfcope;  I can  render  them  parallel, 
convergent,  or  divergent,  according  to  the  lens 
I adapt  thereto. 

The  lens  now  in  the  tube  makes  the  pencil 
proceeding  therefrom  cylindrical;  this  pencil,  by 
turning  the  mirror,  falls  obliquely  on  the  fides  of 
this  box,  (jig.  pi.  I,)  whofe  Tides  are  of  glafs; 
each  end  has  a circular  aperture  for  occafionally 
receiving  a watch  glafs,  which  may  be  placed  cither 
with  the  convex  or  concave  fide  outwards ; the  box 
is  made  water-tight,  and  is  furniflied  with  a cock 
for  more  eafily  emptying  it  of  water. 

The  ray  of  light  (at  A,  jig.  6,  pL  i,)  entering 
the  box  filled  with  water,  is  refrached  to  B,  and 
forms  there  upon  this  card,  placed  againfi  the  fide 
of  the  box,  a luminous  circle,  exadly  the  fiime  fize 
as  that  which  entered  the  box  (at  A);  on  removing 
the  card,  and  letting  the  ray  of  light  proceed  in  the 
air,  you  fee  that  it  goes  on  in  a diredlion  cxahhly 
parallel  to  the  incident  ray,  being  of  the  fame 
fize  through  it’s  whole  length. 

" The  two  pencils  of  light  E A,  E A,  after  being 
by  refradlion  bent  nearer  the  perpendiculars  pp, 
pp,  move  on  parallel  to  each  other;  and  on  being 
again  refradled,  and  feparating  from  the  perpendi- 
culars sp,  sp,  you  will  find  by  meafuring  the 
diftance  betw^een  them  that  they  fiill  retain  their 
parallel  ifm. 

From  hence  it  follows,  that  incident  parallel 
rays  pafiing  obliquely  from  air  into  a mafs  of  water 
terminated  by  a plane  furface,  preferve  their  paral- 
lelifm  in  entering  and  going  out  of  the  water.  The 
fame  is  true  of  other  mediums  wdiich  dificr  in  den- 
- fity. 
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fity,  but  have  only  a moderate  thicknefs,  as  in  our 
prefent  experiment. 

This  may  be  further  illuftrated  by  a diagram. 
Jig.  4,  pi.  i.  Let  A-B  C D be  a folid  piece  of  glafs 
with  two  parallel  furfac<;^s  A B,  C 1),  and  let  the  m^ 
cident  ray  K F be  retradfed  into  F O;  then  wdll  F Cr 
be  rcfraded  by  the  fecond  furface  into  G H parallel 
to  E F,  or  in  the  fame  diredlion  as  F"  F,  becaufe  the 
angle  at  F is  equal  to  the  angle  of  incidence  at  G; 
and  therefore  the  angle  of  incidence  at  F will  be 
equal  to  the  angle  of  refradiion  at  G. 

Cafe  2.  IV ben  converging  incident  rays  pafs.  . 
from  a rare  into  a denfe  medium^  and  from  this  again 
into  the  fame  rare  medaum. 

For  this  experiment,  I put  into  the  tube  a 
lens,  fomewhat  more  convex  than  that  we  ufed 
before ; fo  that  the  pencil  of  light  that  ifilies  from 
the  tube  is  now  in  the  form  of  a long  cone,  whofe 
bafe  is  the  lens. 

I fill  the  box  with  water,  and  prefent  it  to- 
wards the  light,  fo  that  the  fide  A B,  fig.  7,  plate 
I,  may  be  perpendicular  to  the  axis  of  the  cone, 
and  in  fuck  manner  that  the  point  or  extremity  of 
the  cone  may  reach  the  further  fide  B C of  the 
box. 

I empty  the  box  of  it’s  water,  and  the  cone 
of  light  becomes  fenfibly  fborter,  terminating  as  at 
E.  By  bringing  the  box  nearer  the  window^  fo 
that  the  point  of  the  cone  may  pafs  beyond  the 
further  fide,  the  cone  is  no  longer  of  a regular 
fhape,  but  as  it  appears  at  F G,  and  the  point  is 
removed  fomewhat  further  diftant. 

This  experiment  Ihews,  that  the  rays  of  light 
do  not  converge  fo  foon  when  they  pafs  from  a rare 
medium  into  one  more  denfe  ; and  that,  on  the 
contrary,  they  converge  fooncr  than  they  would 
otherwife  do,  when  they  pafs  from  a denfe  into  a 
rare  medium.  In  other  words,  when  converging 
rays  go  from  a rare  into  a denfe  medium,  they  be- 
come 
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come  lefs  convergent ; but  their  convergence  is  in- 
creafed  in  pafling  from  a denfe  into  a rare  medium. 

Thus,  jig.  I 8,  pi.  I,  the  two  converging  in- 
cident rays  a dy  b r,  which  would  meet  at  e,  are  bent 
towards  the  perpendicular  by  the  refrading  furface 
I H,  and  therefore  proceed  to  E. 

In  the  fame  manner  the  converging  rays  /g, 
/g,  falling  upon  I H,  are  refraded  to  by  by  inftead 
of  going  on  and  meeting  at  I : but  on  the  contrary- 
in  proceeding  from  the  refracting  furface  K L,  the 
rays  gby  gh,  are  refraded  from  the  perpendicular, 
and  therefore  meet  fooner  as  at  K,  than  they  would 
otherwife  have  done:  the  rays  are  therefore  twice 
' bent,  but  in  contrary  diredions,  once  at  h,  h,  once 
atg,g. 

Cafe  3.  When  incident  diverging  rays  enter 
into  a denfe  or  rare  medium. 

Every  thing  being  difpofed  as  in  the  laft  ex- 
periment, I prefent  the  f de  of  the  box  A D,  fg. . 
8,  pi.  I,  when  empty  to  the  cone  of  light,  fo  that 
it  may  coincide  with  the  point  of  the  cone  G, 
which  is  where  they  begin  to  diverge,  and  will  pro- 
ceed on  at  B C,  and  forni  another  cone  diredly  op- 
pofed  to  the  other,  falling  upon  a white  fereen, 
placed  at  about  four  inches  from  the  further  fide 
of  the  box..  I meafure  this  cone,  and  then  hll  the 
box  with  water  ; the  cone  then  becom.es  of  an  ir- 
regular fiiape;  the  bafe  on  the  fereen  is  fomewhat, 
larger  than  it  was  before,  but  it  is  not  fo  large  at 
B C as  it  was  before. 

From  hence  we  infer,  that  diverging  rays  be- 
come lefs  diverging  in  palling  from  a rare  into  a 
denfe  medium  ; and,  on  the  contrary,  that  their 
divergence  is  increafed  by  pafling  from  a denfe 
into  a rare  medium. 

Let  us  confider  the  diagram,  fig.  18,  pi.  i, 
K h,'  K h,  diverging  rays  meeting  the  refrading 
furf^ice  L'K,  do  not  proceed  diredly  to  G G,  but 

are 
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are  refracted,  and  approach  the  perpendicular,  and 
go  towards  g and  g,  and  are  thus  lefs  divergent. 

On  the  contrary,  if  they  proceed, from  the 
denfe  medium,  they  are  refradfed,’  and  go  towards 
1 and  f,  which  render  chemmaore  diverging,  being 
twice  bent  at  h and  g,  and  thus  forming  an  irre- 
gular cone. 

Hence  the  image  of  a fmall  objedl  placed 
under  water,  is  one  fourth  nearer  to  the  furface  than 
the  objedt.  And  hence  the  bottom*  of  a pond  of 
water  is  -5-  deeper  than  it  appears  to  a fpcdlator 
above.  An  objedf  at  E,  fg.  18,  '/)/.  r,  would  ap- 
pear at  e.  This  may  ferve  as  a Aifeful  caution  to 
thofe  among  you,  who-  are  not  fwimmers,  and 
prevent  your  plunging  unwarily  out  of  your  depths. 

If  you  immerfc  a ftick  perpendicularly  in 
water,  until  the  immerfed  part  appears  of  an  equal 
length  with  the  part  above  ; then  meafure  the 
parts,  and  they  will  be  found  to  be  to  one  another 
about  as  4 to  3. 

Lienee  alfo  a fiili  appears  higher  than  it  really- 
is,  and  the  markfman,  in  fliooting  at  it,  miift  make 
an  allowance  for  this  falfe  appearance,  or  he  will 
mifs  his  objedl:. 

If  all  the  parts  of  an  objedf,  feen  at  fome 
depth  in  the  water,  were  equally  difplaced  or 
altered.,  the  image  thereof  would  be  exadtlv  fimi- 
lar  to.  the  object  »it  reprefents  ; for  the  figure  de- 
pends on  the  refpedtivepofition  of  the  parts,  which 
is  not  changed  by  a motion  common  to  the  w'hole. 
But  this  is  not  the  cafe,  if  the  objedl  under  w’ater 
be  of  any  confiderable  fize  ; for  thofe  rays  which 
come  from  the  extremities  that  are  moft  diflanD 
from  the  eye,  fall  more  obliquely  on  the  furface 
of  the  air,  and  are  more  refradied,  and  approach 
too  neai“  the  refradting  furface  to  preferve  a.  total 
conformity  of  the  image  with  it’s  objed.  Thus 
an  eye  at  A,  fig.  i 8,  pi.  i,  viewing  at  the  bottom 
of  the  water  a ftrait  line,  g c d c g,  net  only  fees 

the 
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the  whole  line  nearer  to  the  eye  than  it  really  i?, 
but  the  extremities  gg  appear  nearer  than  the 
other  parts  d c ; thus  it  appears  curved  with  the 
part  towards  the  eye.  Thus  a ftrait  leaden  pipe 
appears  at  the  bottom  of  the  water  to  be  curved, 
and  the  bottom  of  a flat  bafon  deeper  in  the  mid- 
dle than  at  the  lides. 

Very  thick  denfe  mediums  make  objedls  ap- 
pear larger  than  they  really  are;  thus  a fifh  appears 
larger  in  the  water  than  when  taken  out,  as  do 
. plants,  Ifones,  &c.  To  comprehend  this,  fuppofc 
for  a moment,  that  g,  gy  fig.  18,  pi.  i,  are  the  ex- 
tremities of  an  objec^t  feen  at  the  bottom  of  the 
water,  by  the  rd.ysghygh.  An  eye  placed  in  K 
judges  of  the  fize  of  the  objedl  by  the  angle  G K 
G,  larger  than  that  of  g K g ; and  the  fame  hap- 
pens with  rcfpcfl  to  every  part  of  the  objedt 
viewed  through  a denfer  medium  than  air. 

Hence  it  is,  that  objedls  in  a different  me- 
dium from  that  where  the  fpedlator  is,  generally 
appear  fomewhat  diltorted. 

Of  Refraction  at, a Convex  Surface. 

T.  IVhen  parallel  rays  pajs  out  of  a rarer  into  a 
denfer  mediamy  whofe  furface  is  convex. 

Before  we  proceed  to  make  any  experiments, 
or  reafon  upon  them,  I mull  obferve  to  you,  that 
lines  drawn  from  the  center  of  a fpherical  furface 
are  always  confidered,  by  mathematicians,  as  per-^ 
pcndiculars  to  that  furface,  and.  the  angles  they 
make  wdth  the  angles  of  incidence  are  the  angles 
of  inclination.  So  that  as  light  pafTing  into  a 
denfer  medium,  is  fo  refraded  as  to  approach  the 
perpendicular,  or  line  drawn  from  the  center  of 
the  fpherical  furface  to  the  point  of  incidence;  fo 
in  going  from  a denfe  into  a rare  medium,  the  rays 
feparate  from  the  fame  furface. 

I place 
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I place  the  glafs  box  fo  that  the  pencil  of 
light  falls  direcflly  on  the  convex  glafs  at  the  end^ 
and  you  fee  that  as  foon  as  I pour  water  into  the 
box,  the  rays  converge,  and  meet  in  a point : 
fo  that  parallel  rays,  in  this  cafe,  are  rendered 
convergent ; a circumftance  that  naturally  arifes 
from  the  laws  of  rcfracStion,  fee  fig,  9,  pi,  i ; for 
the  parallel  rays  hi,fg,fig.  \<),pl.  i,  falling  ob- 
liquely on  the  convex  refracting  furface,  g,  E,  i, 
arc  bent  towards  the  perpendiculars  i r,  or  g c, 
(thofe  lines  being  the  perpendiculars  to  the  points 
of  the  convex  furface,  on  which  the  two  given 
rays  fall),  and  tend  to  unite  at  the  axis  A B.  You 
will  alfo  take  notice,  that  thofe  rays  which  arc 
furtheft  from  the  axis  unite  at  points  neareft  the 
refracting  furface  ; thus  the  ray  h i falls  upon  the 
axis  at  k ; but  the  ray  d e does  not  meet  it,  till  it 
arrives  at  D ; hence  all  thofe  which  are  not  too 
diftant  from  the  axis,  may  be  confidered  as  unit- 
ing in  one  point. 

^ 2.  IFhen  converging  rays,  pqffing  out  of  a rare 
medium,  fall  upon  the  furface  of  a denfer  medium 
with  a convex  furface, 

I bring  the  box  as  before  with  the  convex 
glafs  towards  the  ray  of  light ; but  in  fuch  man- 
ner, that  the  converging  point  of  the  pencil  fliall 
fall  exactly  on  the  center  A,  [fig,  10, pl,  i,)  of  con- 
vexity. I pour  water  into  the  box,  and  you  find 
that  there  is  no  change  in  the  fituation  of  this 
point,  becaufe  there  is  no  obliquity  of  incidence. 

Let  us  now  try  the  effecit  with  two  other' 
cones  of  light;  one  terminating  at  h,fig,  ii,pl, 

I,  nearer  the  convex  furface  than  it’s  center; 'the 
other  being  beyond  the  center  of  convexity'at  c, 
fig.  12,  pL  I : mark  exac^tly  the  place  where  the 
cone  terminates  in  each  of  thefe  cafes,  when  there 
is  no  water  in  the  box,  and  then  fill  it  with  water, 
and  obferve  the  difference  in  each  cafe.  You  will 
Sol.  II.  . N find 
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find  the  firft  cone,  fig.  ii,  (where  the  rays  tended 
to  unite  at  b,  before  they  reached  the  center  of 
convexity)  lengthened,  and  the  point  thereof  ter- 
minating at  a greater  diftance  B;  but  the  cone,  fig.  • 
12,  (where  the  rays  tend  to  unite  at  a point  c,  be- 
yond the  center  of  the  convex  furface)  is  fliortened, 
terminating  at  C. 

Thefe  experiments  having  made  you  mafters 
of  the  fad,  I liiall  now  coniider  the  three  cafes 
in  a diagram.  It  is  evident,  that  if  converging 
rays  fall  upon  a convex  furface,  they  either  tend 
to  unite  at  the  center  of  the  convexity ; or  2dly, 
their  point  of  union  will  be  nearer  the  refrading 
furface  than  that  center  ; or  3dly,  it  will  be  beyond 
that  center. 

In  the  firft  cafe,  the  rays  do  not  deviate:  thus 
the  rays,  ef^dhy  fig,  20,  pi.  i,  converge  at  c, 
juft  as  they  would  have  done  without  the  interpo- 
fition  of  the  refrading  fubftance,  becaufe  they  do 
not  poirefs  the  property  neceflary  for  refradion, 
namely,  obliquity  of  incidence.  For  the  rays  efi\ 
d hy  tending  to  c the  center  of  the  furface,  may 
be  confidered  as  radii  prolonged,  and  confcquently 
as  perpendicular  to  the  convex  furface. 

In  the  fecond  cafe,  where  the  rays  tend  to 
unite  nearer  the  furface  than  the  center  of  con- 
vexity, they  become  lefs  converging  ; for  the  ray, 
i by  fig.  'lOypl.  I,  which  tends  to  k,  is  bent  by  the  re- 
frading  furtace,  nearer  the  perpendicular  d c,  and 
is  thus  removed  further  from  the  furface,  and  joins 
the  axis  at  o.  * 

In  the  third  cafe,  w'herc  the  rays  tend  to 
unite  beyond  the  center  of  convexity,  they  become 
more  converging  : thus  the  ray,  g by  fig.  20,  p/.  i, 
tending  to  /,  further  from  the  convex  furface  b b 
fy  thane,  by  approaching  the  perpendicular  dCy 
is  brought  nearer  the  center,  and  joins  the  axis  at 
py  where  it  would  be  met  by  another  ray,  falling 
upon  the  furfa  ce  with  the  fame  degree  of  obli- 
quity. 
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quity,  but  from  the  other  fide  of  the  axis.  This  is 
the  more  common  of  the  three  cafes. 

3.  H'hen  diverging  rays,  paffing  out  of  a rare 
fnediuniy  fall  upon  a denfe  one  with  a convex  fur-- 
face. 

To  fliew  what  happens  with  thefe  rays,  we 
have  only,  as  before,  to  place  the  box  fo  that  the 
diverging  rays  may  fall  upon  the  convex  furface, 
and  to  receive  the  light  upon  a plane  furface  in 
the  box,  and  to  mark  the  fize  of  the  luminous 
circle  formed  thereon,  before  we  pour  any  water 
into  the  box.  This  being  done,  I fhall  now  fill 
our  box  with  water,  and  you  will  perceive,  that 
the  luminous  circle  is  confiderably  fmaller  than 
it  was  before,  fig.  pi.  i.  If  you  remove  the 
box  further  from  the  point,  from  which  the  di- 
verging rays  proceed,  the  bafe  of  the  luminous 
cone  will  ftill  grow  fmaller,  and  at  lafl  become 
cylindrical  ; and  if  you  go  on  removing  it  ftill 
further,  they  will  converge  in  a point* 

From  thefe  experiments  we  draw  the  following 
conclufion.  That  diverging  rays,  in  pafling  from  a 
rare  medium  into  a denfer  with  a convex  furface, 
become  lefs  divergent,  which  may  be  carried  fo  far, 

that  they  may  become  parallel,  and  even  conver- 
gent. 

The  diverging  rays  a m,  a /,  jig,  21,  pi.  i, 
meeting  with  the  refradting  furface  m h /,  do  not 
proceed  in  flrait  lines  to  / and  e,  but  are  refrad- 
cd  towards  the  perpendiculars  e Cy  c C,  which 
gives  them  the  diredtions  mg^  I h,  much  lefs  di- 
vergent* 

If  the  rays  that  fall  on  the  fefradling  furface^ 
as  d niyily  are  lefs  di\erging  than  the  preceding, 
they  will  be  refradted  fo  as  to  converge  at  B. 

Let  us  now  fuppofe  the  rays  of  light  paffing 
from  a denfer  medium  into  a rare  one,  the  denfe  met. 
diwn  being  terminated  by  a convex  furface  on  the  fide 
of  the  rare  mediunu 
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Parallel  rays  arc  thereby  made  to  converge : 
thus  the  parallel  rays  d Cy  g hjig.  12,  pi,  2,  falling 
on  the  refrading  furface,  e iy  inftead  of  proceeding 
to  / by  are  bent  further  from  the  perpendiculars 
a Cy  b Cy  fo  as  to  converge  at  k. 

Converging  rays  become  more  converging  : 
thus  the  rays  / ey  n ly  which  would,  without  re- 
fradion,  go  on  towards  m and  c,  are  fo  refraded  as 
to  unite  at  p. 

If  the  rays  are  diverging,  the  point  from 
which  they  diverge  is,  ift,  either  c,  the  center  of 
convexity  Cy  D,  i ,*  or  2dly,  a point  r,  between  the 
center  and  the  convex  furface ; or  jdly,  a point 
q beyond  that  center. 

In  the  firft  cafe,  the  rays  C (dhy  are  not  re- 
fraded, becaufe  being  radii  they  fall  perpendicular  , 
to  the  convex  furface. 

In  the  fecond  cafe,  where  the  rays  r <r,  ri  pro- 
ceed from  r,  they  do  not  go  on  toward  ^ and  /,  but 
are  refraded  further  from  the  perpendiculars  a C, 
b Cy  and  go  on  towards  a;  and  Vy  diverging  more 
than  before. 

In  the  third  cafe,  the  diverging  fays  q ^y  q iy 
become  lefs  diverging,  and  inftead  of  proceeding 
towards  z and  2,  they  get  clofer  together  towards 
g and  by  being  refraded  further  from  the  perpen- 
diculars aCy  bCy  and  may  be  rendered  parallel,  or 
even  convergent,  according  to  the  greater  or  lefs 
degree  of  divergence,  when  they  arrive  at  the 
furface.^  D/. 

Of  Refraction  at  a Concave  Surface. 

1 . IVloen  parallel  rays  of  light  pafs  from  a rare 
medium  into  a denfe  onCy  with  a concave  furface. 

One  end  of  the  box, /zV.  5,  pi.  i,  is  furnilhed 
with  a glafs  with  the  concave  furface  outwards  ; this 
is  now  to  be  prefented  towards  the  cones  of  light. 

In 
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In  the  prefent  inftance,  let  parallel  rays  fall  on  the 
concave  furiace.  Having  obferved  the  fizc  of  the 
luminous  circle  formed  by  them  within  the  box, 
fill  the  box  with  water,  and  you  will  find  that  the 
pencil  of  light  is  enlarged,  and  the  luminous  cir- 
cle is  much  increafed.  See  fig.  14,  pi.  i. 

That  parallel  rays  necelfarily  in  this  inftance 
become  diverging  ones,  may  be  alfo  rendered 
clear  by  a diagram.  For  the  parallel  rays  a b and 
P}-  2,  falling  upon  the  concave  re- 
fradling  furface  c,  h,  b,  are  by  refradlion  made  to 
approach  the  perpendicular /C,  gC,  which  renders 
them  diverging. 

2.  IPljni  converging  rays  pafs  from  a rare  me- 
dium into  a denje  one,  terminated  with  a concave  fur- 
face. 


We  proceed  as  in  the  foregoing  experi- 
ment, obferving  where  the  converging  rays  ter- 
minate, before  and  after  water  is  poured  into 
the  box,  and  that  with  different  degrees  of  con- 
vergcncy. 

You  fee,  however  great  the  convergency  of  the 
ia)s  may  be,  that  as  foon  as  tnc  water  is  put  into 
the  oox,  the  cone  is  fenfibly  lengthened,  fiyt* 
pi.  I.  W itn  a lefs  degree  of  convergence  they 
arc  fenfibly  feparated  from  each  other;  fo  that 
by  altering  the  degree  of  convergency  vve  render 
them  cither  parallel  or  diverging.  To  view  this  in  a 
diagram,  you  may  confidcr  the  rays  ah,  de,  f^. 
pL  2,  tending  to  converge  at  O ; thefe  are  by  re- 
iraefion  made  to  approach  the  perpendiculars  /C 
and  g C,  and  thus  do  not  unite  till  they  come  to  i. 

3 . ^ bPlien  diverging  rays  pafs  from  a rare  medium 
into  a (teufe  one,  terminated  by  a concarve  furface. 

Every  thing  being  difpofed  as  in  the  lafr  ex- 
periment, remove  the  box  fo  that  the  point  where 
the  rays  meet,  or  crofs,  and  begin  to  diverge,  mav 
fall  upon  the  center  of  the  concave  glafs;  "receive 

3 the 
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the  bafe  of  this  cone  on  a plane  placed  at  about 
feven  or  eight  inches  from  the  glafs,  meafure  the 
diameter,  and  fill  the  box  with  water. 

Repeat  the  experiment  with  the  concave  glafs 
nearer  C,  Jig.  i6,  pi.  i,  and  afterwards  further 
from  it. 

In  the  firft  cafe,  the  fize  of  the  circle  is  not 
enlarged,  nor  the  cone  of  light  altered.  In  the  fe- 
cond,  the  bafe  of  the  cone  is  fmaller  in  the  water 
than  it  was  in  the  air.  In  the  third,  it  is  fomewhat 
enlarged.  See  Jig.  i6  and  i^jypl.  i. 

In  the  firft  cafe,  the  ravs  under2;o  no  altera- 
tion,  becaufe  they  have  no  obliquity  of  incidence, 
for  Qb  and  Ce,  fig.  pi.  2,  are  radii  of  the  con- 
cavity, and  continue  their  rout  to  f and  g,  as  they 
would  have  done  without  the  interpofition  of  a re- 
fradling  medium. 

In  the  fecond,  they  become  lefs  divergent,  for 
the-  two  diverging  rays  k b and  k f,  inftead  of  going 
to  d and  hy  proceed  to  a and  Cy  the  refradion 
making  them  approach  the  perpendiculars  /C, 

, In  the  third  cafe,  w’hich  is.  the  rnofl  general, 
the  rays  become  more  diverging;  for  /^and/^, 
which  tend  towards  m and  are  turned  out  of  their 
way  towards  i and  0,  by  approaching  the  perpen- 
diculars/C'and  g C,  and  thereby  become  more  di- 
verging than  they  were  before. 

Let  us  now  fuppofe  that  the  rays  of  light  pafs 
from  a denfe  medium  into  a rare  one,  and  that  the 
denfe  medium  is  terminated  on  the  emergent  fide 
by  a concave  furface. 

The  parallel  rays  become  divergent,  for  the 
parallel  r.ays  dCyO  jig.  22,  pi.  i,  in  emerging  from 
the  concave  furface  e D /,  do  not  continue  their 
rout  in  firajt  lines  towards  / and  by  but  are  carried 
towards  m and  py  by  feparating  from  the  perpendi- 
culars Qa,  Cb^  vyh/h  renders  them  divergent. 
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• If  the  rays  are  converging,  they  may  be  divided 
into  three  cafes.  i.  When  the  point  of  conver- 
gency  tends  precifely  to  the  center  C,  of  the  con- 
cavity eDi;  in  this  the  rays  at\  biy  do  not  fuffer 
any  refradion ; becaufe  being  the  continuation  of 
the  radii  C C /,  of  the  concavity  e D /,  there  is  no 
point  of  oblique  incidence. 

2.  When  the  rays  qe,  ri,  tend  to  converge  to 
the  point  n,  nearer  the  concave  furface  eDi  than 
it’s  center  C,  by  feparating  from  the  perpendicu- 
lars C e,  C iy  they  unite  at  o,  and  are  thus  rendered 
more  converging. 

3.  When  they  tend  to  a point  /,  which  is  fur- 
ther from  the  concave  furface  than  the  center  of 
curvature,  they  are  rendered  lefs  convergent.  For 
the  rays/^,  //,  which  tend  naturally  to  converge  to 
the  point  /,  by  feparating  from  the  perpendiculars 
Ccy  Q Cy  unite  in  ky  further  olf  than  they  would 
have  done  without  refraclion,  if  they  were  only  a 
little  converging;  on  arriving  at  the  concave  fur- 
face e D /,  the  refradbion  may  render  them  parallel 
or  diverging. 

The  diverging  rays  E E /,  diverging  from 
the  point  E,  which  without  the  change  from  the 
medium  would  go  on  towards  u and  .v,  but  by  the 
rcfraclion  feparating  from  the  perpendiculars  Ce 
Ciy  they  are  turned  towards  y and  Zy  diverging 
more  than  before. 

Of  G LASS  Lenses. 

By  a lens  opticians  mean  a tranfparent  bodyof 
a different  denfity  from  the  furrounding  medium, 
and  terminated  by  two  furfaces,  either  both  fphe- 
ncal,  or  one  plane  and  the  other  fpherical.  And 
as  the  lenfcs  for  optical  ufes  are  generally  made  of 
glafs,  it  is  ufual  to  call  them  glajjesy  with  the  addi- 
tion of  the  life  they  are  intended  for  ; as  a magni^ 
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fying  glafsy  a Jpe5tacle  glajsy  an  object  or  eye  glafs 
of  a tele/copey  &c. 

Glafs  was  probably  the  invention  of  fomc 
manufadlurer,  having  nothing  elfe  in  view  but 
raifing  a fortuiie  by  his  new  manufacture  : but  from 
hence  we  are  fupplied  with  tdefcopes,  micro- 
fcopes,  and  prifms,  w'hich  let  us  into  fecrets  of 
nature  unfufpedted  before,  open  to  us  the  immea- 
furable  grandeur  of  the  univerfe,  and  bring  us  ac- 
quainted wdth  animals  to  whom  a fpoonful  of  vi- 
negar ferves  for  a habitable  world  ; thereby  raifing 
our  idea  of  the  Author  of  nature y by  difplaying  the 
.magnificence  and  wonders  of  his  works,  from 
hence  likewife  has  proceeded  gradually  a more 
exadt  knowledge  of  the  laws  of  attraction,  the  ve- 
locity of  light,  the  exiftence  of  ether,  and  the  ex- 
treme rarity  of  bodies.  Thus  the  unlearned  are 
often  made  to  lend  a helping  hand  to  the  contem- 
plative in  the  profecution  ot  his  fcience ; and  the 
man  of  this  world  inflrumental  in  opening  a larger 
field  to  our  theology.  Inventions  are  often  termed 
accidentaly2in(\  fo  indeed  they  are  wfith  refpeCt  to  us 5 
but  accidents  arife  from  certain  caufes  which  pro- 
duce them,  w hen  it  is  proper  they  ihould  be  mani- 
fefted,  and  are  therefore  to  be  referred  to  the  dif- 
pofer  of  all  events, 

A lens  having  one  fide  plane  and  the  other 
convex,  is  called  a plano-convex  ; where  one  fide  is 
plane  and  the  other  concave,  it  is  a plano-concave. 
A lens  terminated  by  two  convex  fides,  is  called  a 
double  convex ; a double  concave y if  terminated  by 
two  concave  fides.  A lens  having  one  fide  con- 
cave, the  other  convex,  is  called  a concavo-convex 
lens.  Sgc  fig.  9,  pi.  2. 

From  thefe  definitions  you  will  readily  con- 
ceive, that  there  may  be  an  infinite  variety  in  the 
degrees  of  convexity  and  concavity  ; for  a convex 
furtacc  may  be  confidered  as  forming  part  of  a 
^ 2 fohere  | 
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fphcrc;  aiicl  as  the  radius  or  diameter  of  this  fphere 
is  greater  or  lefs,  the  convexity  will  be  different. 

Hence  when  I fay  that  the  radius  of  the  con- 
vex furfiice  of  a glafs  is  three  inches,  I mean  that 
it  is  the  portion  of  a fphcrc  whofe  radius  is  three 
inches.  To  render  this  fubjed  clearer,  here  arc  a 
variety  of  lenfes  of  different  convexities  ; from  thefe 
you  fee,  that  the  fmallcr  the  radius  is,  the  more 
the  furfacc  is  curved,  or  the  greater  is  it’s  deviation 
from  a ffrait  line.  On  the  contrary,  the  longer 
the  radius  the  more  it  approaches  to  a plane ; fo 
that  a plane  furface  may  be  conlidcred  as  a convex 
furface  of  an  infinite  radius. 

To  explain  the  effed  produced  in  the  appear- 
ance of  objeds,  by  convex  and  concave  ienfes, 
we  mud  didinguilh  two  cafes  : i.  Where  the 

objed  is  at  a condderable  didance  from  the 
lens.  2.  Where  the  objed  is  near  the  lens.  Be- 
fore, how’ever,  I enter  upon  this  explanation,  it  w ill 
be  ncceffary  to  define  w'hat  is  meant  by  the  axis 
ef  a lens.  A drait  line  drawn  perpendicular  to 
both  the  Tides  of  any  lens  is  called  the  axis  there- 
of the  axis  therefore  paffes  through  the  center 
of  the  fpherical  fides  ; and  as  we  reprefent  the  two 
Turfaccs  by  arches  of  a circle,  you  have  only  to 
draw  a line  through  their  refpedive  centers,  and 
it  will  reprefent  the  axis  of  the  lens.  Thus  the 
center  of  the  arch  AEB,  fig.  23,  pi.  2,  is  at  C, 
that  of  A F B at  D,  and  the  line  C D is  the  axis  of 
this  lens ; it  is  eafy  to  fee  that  the  axis  paffes 
through  the  middle,  and  that  no  lens  excepting  a 
fphere  can  have  more  than  one  axis,becaure  no  other 
line  can  pafs  through  the  two  centers  C,  D;  and 
therefore  all  pencils  arc  conddered  as  oblique,  ex- 
cepting thofc  wd^mfe  foci  arc  in  the  axis  of  the  lens. 

As 

* If  one  of  the  farfaces  be  plane,  the  axis  of  the  lens  falls 
perpendicular  upon  the  plane  furlace,  and  proceeds  through  the 
ixnter  pf  ihc  fpherical  one. 
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As  the  axis  is  perpendicular  to  the  two  fur- 
faces,  it  is  plain  from  the  nature  of  refraction, 
that  a ray  of  light  pafTing  in  this  direction  is  not 
refracted,  but  goes  on  in-  the  fame  direcition  in 
which  it  entered- 

No  ray  that  paffes  through  the  center  o, 
fg,  23,  pJ.  I,  of  a lens  is  refracted  ; for  the  two 
tangents  at  E and  F are  parallel,  and  the  effedt  is 
therefore  the  fame  as  if  the  ray  pafifed  through  a 
piece  of  glafs  whofc  fides  are  parallel. 

I fnall  now  proceed  to  confider  the  nature  of 
double  convex  lenfes.  It  is  the  property  of  thefe 
to  make  parallel  rays  converge  to  a focus ; to  in- 
creafe  the  convergence  of  converging  rays ; to 
diminifh  the  divergence  of  diverging  rays,  and  that 
fo  much  under  certain  circumftances  as  to  render 
them  parallel  or  convergent. 

Let  us  confider  A B,  fig,  24,  pf.  i,  as  a con- 
vex lens,  w’hofe  axis  is  the  line  O E F P ; and  let 
us  fuppofe  that  on  this  axis,  and  at  a great  diftance 
from  the  glafs,  there  is  a luminous  point  or  objedl 
O diffufmg  it’s  rays  in  all  direc5lions  ; fome  of 
thefe,  as  O M,  O E,  and  ON,  wnll  fall  upon  the 
glafs,  the  middle  one  O E will  not  be  refrac^led, 
but  oafs  on  in  the  diredlion  E F P.  The  two  other 

X , 

rays  will  be  refraeffed  and  bent  both  at  entering 
and  going  out,  fo  as  to  meet  at  J fomewhere  on  the 
axis,  and  then  go  on  in  the  direeftion  J Q and  J R: 
the  other  rays  between  M and  N,  will  be  fo  re- 
fracted as  to  unite  on  the  axis  at  the  fame  point  J, 
Thus  the  rays  O M and  O N,  and  thofe  between 
them,  which  without  the  interpofition  of  the  glafs 
’woulci  have  followed  their  refpedlive  rectilinear  di- 
rections, are  fo  bent  thereby  as  to  follow  other  di- 
rections, and  proceed  as  if  they  came  from  the 
point  J ; and  an  eye  placed  at  P would  be  affeCded 
111  the  fame  manner  as  if  the  luminous  point  w'as 
at  ]'  : the  glafs  A B forming  an  obicCb  at  J,  exactly 

reprefenting 
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reprcfenting  the  objedl  at  O.  Thus  a conliderable 
change  is  produced  by  the  lens  ; a diflant  objed, 
as  O,  is  as  it  were  tranfplantcd  and  brought  fuddenly 
to  J. 

Let  us  now  confider  the  effed  produced  on 
the  rays  of  light,  when  the  objed  is  very  diftant 
from  the  lens.  In  jig,  13,  pi.  2,  MN  reprefents 
a convex  lens,  O A B T S the  axis  of  the  lens,  O P 
a didant  objed  lituated  on  the  axis;  every  point  of 
this  objed  diffufes  rays  in  all  diredions  ; of  thefe 
we  are  only  concerned  with  thofe  that  fall  upon 
the  lens;  and  to  render  the  fubjed  clearer,  I fliall 
only  confidfer  three  rays  O A,  O M,  ON,  pro- 
ceeding frorb  the  point  O;  of  thefe  the  firft  OA 
pairing  through  the  middle  of  the  lens,  it’s  direc- 
tion is  not  altered,  but  continues  alter  it  has  palTed 
through  to  ,gb  on  in  the  line  B T S,  the  axis  of  the 
glafs.  But  the  other  two,  O M,  ON,  are  fo  re- 
fraded  both  at  entering  and  quitting  the  lens,  that 
they  unite  at  T on  the  axis,  from  whence  they 
again  proceed  in  the  diredions  M T Q,  N T R,  fo 
that  if  an  eye  were  to  meet  with  them,  they  would 
produce  the  fame  effed  thereon  as  if  the  objed  O 
had  been  lituated  at  T.  To  diftinguifh,  however, 
the  true  point  O from  the  point  T,  the  firft  is 
called  the  olje&y  the  other  the  image  of  that  objed, 
which  image  in  it’s  turn  becomes  alfo  an  objed. 
When  the  objed  is  at  a confiderable  diftance,  the 
point  T is  confidcred  as  focus  of  the  glafs.  The 
following  remarks  on  this  point  are  necelfary  to  be 
conlidered  with  attention. 

1.  When  the  point  O,  or  the  objed,  is  at  an 
infinite  diftance,  the  rays  O M,  O A,  O N,  may  be 
conlidered  as  parallel  to  each  other,  and  to  the  axis 
of  the  lens. 

2.  The  focal  point  T,  is  a point  behind  the 
glafs,  where  parallel  rays  falling  upon  that  glafs 
are  united  by  the  refradivc  power  of  the  lens. 

3.  The 
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3.  The  focus  of  a lens,  and  the  place  where 
the  image  of  an  objecil  fituated  in  the  axis  of  the 
lens,  but  at  an  infinite  diffance  from  the  lens,  is 
reprefented,  are  the  fame  thing. 

4.  The  diltance  of  the  point  T from  the 
lens  is  termed  the  focal  diftance, 

5.  Every  convex  lens  has  a particular  focus; 

. in  fome  it  is  greater,  in  others  lefs,  which  is  eafily 

found  by  expofing  the  glafs  to  the  fun,  and  obferv- 
jng  where  the  rays  unite. 

6.  Thofe  lenfes  which  are  formed  by  the  arcs 
of  fmall  circles,  have  their  foci  very  clofe  to  them, 
and  the  focal  point  is  further  off  in  proportion  as 
the  fur  face  or  fides  of  the  lens  is  formed  by  arcs  of 
a longer  radius. . 

7.  In  order  to  form  a proper  idea  of  the  op- 
tical effedt  of  any  lens,  it  is  neceffary  to  know  it’s 
focal  diffance. 

8.  V/hen  parallel  rays  A B,  CD,  pi.  4> 

fall  upon  a plano-convex  lens  D e R,  and  pafs 
through  it,  they  will  be  fo  refradfed,  as  to  unite 
at  a point  F behind  it ; this  point  is  called  the 
principal  focm-y  and  it’s  diflance  Fe  from  the  middle 
of  the  glafs  focal  diflance,  which  is  equal  to 
tzvice  the  radius,  or  the  diameter  of  the  fphere’s 
convexity, 

9.  When  parallel  rays  A B,  CD,  fip^.  5,  pi.  3, 
fall  upon  a glafs  De  B equally  convex  on  both  fides, 
and  pafs  through  it,  they  will  be  fo  refradle'd  as  to 
unite  in  a point  or  principal  focus  F,  whofe  diflance 
is  equal  to  the  radius  or  femidiarneter  of  the  fphere 
of  the  glafs’s  convexity. 

The  rays  all  crofs  the  middle  ray  ^e  in  the 
focus  F,  and  then  diverge  from  it  to  the  contrary 
fides,  in  the, fame  manner  as  they  converged  in 
coming  thereto.  See  fip.  4 and  5,  pi.  3. 

if  another  double  convex  lens  h g,  Jf.  5,  pi.  3, 
be  placed  in  the  rays  at  the  fame  difcance  from  the 

focus^ 
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focus,  they  will  be  fo  refracted  thereby  as  to  pro- 
ceed from  it  in  a parallel  diredlion,  as  at  b h,  ge, 
going  on  in  the  fame  manner  as  when  they  fell  upon 
the  firit  glafs  ; but  on  contrary  fides  of  the  middle 
ray  D e F f f , for  the  ray  ABF  will  go  on  in  the 
direflion  Fhb,  and  the  ray  CDF  in  the  diredtion 
Fge,  and  fo  of  the  reft. 

To  render  the  progrefs  of  the  rays  from  an 
objeci:  through  a lens,  to  the  image  behind,  more 
evident,  1 have  conftrudted  a model  in  which  the 
rays  are  reprefented  by  filk  Brings ; that  it  may  be 
more  clear,  the  rays  ilTlie  on  from  three  points,  and 
only  three  rays  from  each  of  thefe  points. 

In  Jig.  9,  pi.  4,  wx  have  a figure  of  this  model. 
A B C is  the  objed  placed  fomewhat  beyond  the 
focus  of  the  convex  lens  d e f . The  rays  h.  dy  A 
hfy  flowing  from  the  point  A,  are  refraded  into  the 
directions  d Uy  e Uy  fuy  meeting  in  the  point  a.  The 
rays  B i,  Bey  B /,  proceeding  from  B,  pafs  through 
the  glals,  and  are  fo  refradted  as  to  unite  at  b.  In  the 
fame  manner  thofe  that  flow  from  the  point  c,  are 
conveyed  and  meet  at  ; at  each  of  the  points  b, 
Cy  an  image  is  formed  of  the  refpedtive  points  A, 
B,  C.  The  fame  takes  place  with  all  the  other  in- 
termediate points,  by  which  means  a perfedl  image 
of  the  object  is  formed. 

I have  already  obferved  to  you,  that  an  objedl 
at  an  infinite  diftance  has  it’s  image  formed  at  the 
focus  of  a convex  lens,  provided  the  objedl  be  fitu- 
ated  on  the  axis  of  the  lens.  I ihall  now  proceed 
to  conlidcr  nearer  objects,  but  Bill  lituated  in  the 
axis  ; and  you  will  find  the  nearer  the  objedt  ap- 
proachc^the  glafs,  the  further  the  image  is  removed 
therefrom. 

Thus  let  us  fuppofe  that  F,  Jig.  Wypl.  2,  be 
the  focus  of  the  lens  MM,  or  place  where  the 
image  of  a diBant  object  is  reprefented.  If  the 
objedt  be  brought  fucceBively  to  P,  Q,  and  R,  the 

image 
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image  will  be  fucceflively  removed  further  from 
theglafs  to  p,  q,  and  r;  the  diftance  b r,  &c.  of  the 
image  always  correfponding  to  that  of  the  objedt 
A P,  &c.  Mathematicians  have  rules  for  calcu- 
lating thefe  diftances,  which  would  lead  us  too  far 
into  the  intricacies  of  the  fcience  ; it  will  be  there- 
fore fufheient  to  obferve  in  general,  that  the  more 
we  diminifli  the  diftance  of  an  objedl  from  the 
lens,  the  more  that  of  the  image  is  increafed, 
which  will  be  rendered  plainer  by  an  example, 
fuppofe  of  a lens  of  fix  inch  focus  ; that  is,  if  the 
objed;  is  at  an  infinite  diftance,  the  focus  will  be 
precifely  at  fix  inches;  but  when  the  objed  ap- 
proaches the  lens,  the  diftance  of  the  image  will 
increafe,  as  in  the  following  tabic : 

Dijiance  of  the  ohje^.  Diftance  of  the  mage. 

Infinite  6 inches 


42 

7 

24 

8 

18 

9 

15 

10 

I 2 

12 

10 

15 

9 

18 

8 

24 

7 

42 

6 

Infinite. 

Although  thefe  numbers  only  agree  with  a 
lens  of  6 inches  focus,  yet  we  may  deduce  the  fol- 
lowing confequences  from  them : 

1,  If  the  objed  be  at  an  infinite  diftance,  the 
image  will  be  at  the  focus. 

2. Jf  the  objed  be  at  double  the  diftance  of 
the  focus  from  the  glafs,  the  image  will  alfo  be  at 
double  the  diftance  of  the  focus  from  the  gl'afs  ; thus 
in  the  foregoing  example,  when  the  objed  was  at 
twice  6 or  12,. the  image  was  alfo  at  12  inches. 

3‘  When  the  objed  is  at  the  fame  diftance 

from 
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from  the  glafs  as  the  focus,  the  image  is  removed 
to  an  infinite  diftance  on  the  oppofite  fide. 

4.  In  general  the  dillance  of  the  objc6l  and 
the  image  correfpond  reciprocally  to  each  other ; 
lb  that  if  the  objedf  be  placed  where  the  image 
was  lituated,  the  image  will  be  found  where  the 
objebh  was  before  placed. 

5.  If  the  lens  AB  collebl:  in  ],fig.  i, 

the  rays  which  emane  from  the  point  O,  it  will 
alfo  collecl  the  rays  from  the  point  J,  and  confe- 
quently  the  rays  may  be  returned  back  in  the 
diredtion  in  which  they  proceeded.  This  article  is 
of  confiderable  importance  towards  a thorough 
knowledge  of  the  natureof  lenfes  ; thus  for  example, 
when  I know  that  a lens  has  reprefented,  at  eight 
inches  from  it,  the  image  of  an  object  which  is  at 
24  inches  on  the  oppofite  fide,  I may  conclude,  that 
if  the  objedt  be  at  eight  inches,  the  image  will  be 
at  24. 

When  the  objedl  is  fituated  at  the  focal  dif- 
tance from  the  glafs,  the  image  is  fuddenly  re- 
moved to  an  infinite  diftance  therefrom. 

You  inquire  of  me,  what  then  becomes  of  the 
image,  when  the  objedl  is  within  the  focal  diftance? 
can  it  be  removed  to  a diftance  greater  than  infi- 
nite? this  is  impoflible.  The  queftion,  though  not 
eafily  rcfolvable  by  metaphylics,  does  not  embarrafs 
a mathematician  ; for  he  proves  that  the  image  in 
this  cafe  pafTes  to  the  other  fide  of  the  glafs,  and  is 
found  of  the  fame  fide  with  the  objedl. 

In  every  reprefentation  formed  by  lenfes,  there 
are  two  circumftances  to  attend  to,  one  concerning 
the  place  where  the  image  is  formed,  the  other  the 
Jize  of  the  image.  Having  explained  the  firff, 
I now  proceed  to  confider  the  fecond.  Let  O P, 
fig.  14,  pi.  2,  be  an  objecl  fituated  on  the  axis  of 
the  convex  lens  MN;  find  lirft  the  point  I,  where 
the  rays  proceeding  from  O,  meet  the  axis;  this 
done,  we  have  to  find  where  the  other  point  P will 
be  reprefented.  . . _ ' • .To 
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To  do  this,  confider  the  rays  PM,  PA,  Ph/, 
■u  hich  proceeding  from  P fall  on  the  lens,  and  you 
fee  that  the  direction  of  the  ray  PA  is  not  altered, 
bccaufe  it  falls  upon  the  middle  of  the  glafs,  but 
continuGjs  to  proceed  in  the  line  A K S ; it  will 
therefore  be  fomewhere  in  this  line,  as  at  K,  that 
the  rays  P M,  P N,  will  meet,  and  K will  be  the 
image  of  the  other  end  of  the  objeCl,  the  point  K 
being  determined  by  the  place  w'hcre  a perpendicu- 
lar to  J O,  from  J,  meets  the  line  P S,  and  I K will 
be  the  image  of  the  object.  It  is  evident  from  this, 
that  the  image  is  inverted ; fo  that  if  Q R was  hori- 
zontal, and  the  objeCtOP  a man,  in  the  image 
the  feet  would  be  upwards  and  the  head  down- 
wards. It  is  alfo  clear, 

I.  That  the  image  is  always  fmall  in  propor- 
tion as  it  is  nearer  the  lens,  and  larger  the  further 
it  is  removed  therefrom.  Thus  O ^3  fig-  1 5,  pi-  2, 
being  the  objeCb,  and  MM  the  lens,  the  image 
will  be  fmallcr  if  formed  at  Q,  than  if  it  were 
formed  at  R,  S,  or  T;  that  is,  the  image  is  larger 
the  further  it  is  from  the  lens. 

2-  There  is  a cafe  where  the  image  is  precifely 
at  the  fame  dihance  from  the  lens  as  the  object, 
which  is  when  the  objed:  is  placed  at  twice  the  fo- 
cal dillance  from  the  lens. 

3.  When  the  image  is  twice  as  far  from  the 
glafs  as  the  objed:,  it  becomes  double  the  lize  of 
the  objed,  and  in  general  the  image  is  fo  many 
rimes  larger  than  the  objed,  as  it  exceeds  it  irt 
dillance  from  the  lens:  now  the  nearer  the  objed 
is  to  the  glafs,  the  more  the  image  is  removed  from 
it,  and  is  confequcntly  fo  much  larger. 

4.  On  tire  contrary,  fo  much  as  the  image  is 
nearer  to  the  glafs  than  the  objed,  it  is  fo  many 
times  fmallcr  than,  the  objed.  If  then  the  diftance 
of  the  image  from  the  glafs  was  1000  times  lefs 
than  that  of  the  objed,  it  woiijd  alfo  be  1000 
tiuics.fmalier. 


Of 
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Of  BuRNING-GlASSESi 

The  fun,  as  we  all  experience,  is  the  cRufc  of 
heat  at  the  furface  of  the  earth  ; it’s  effects  are 
moft  violent  in  thofc  regions  where  it’s  rays  fall 
with  the  leaff  obliquity,  for  they  arrive  there  with 
gt-eatcr  force,  and  in  a gteater  quantity.  Winds 
meet  and  deff  roy  each  other’s  forces,  but  the  rays  ot 
the  fun  travel  onward  without  impeding  each  other 
in  their  progrcfs» 

All  fubffances  feel  the  influences  of  the  folar 
rays,  not  only  in  proportion  as  they  ftrike  againft 
them  more  or  lefs  diredly,  but  according  alfo  as 
they  are  fitted  for  their  reception.  For  the  rays, 
though  they  continue  ever  to  operate,  are  reffrained 
from  ad:ting  too  fiercely,  by  the- nature  and  difpo- 
fition  of  the  bodies  on  which  they  fall',  and  their 
own  equable  diffufiom  To  give  the  rays  greater 
pow  er,  they  muff:  be  collected  by  art ; and  when 
their  adtion  is  concentrated,  they  confume  or 
change  all  bodies  with  inexpreffible  force. 

One  of  the  firff:  ufes  to  which  convex  lenfes 
were  applied,  was  that  oF  colledfing  the  rays  of 
the  fun,  in  order  to  fet  wood  or  other  combuftible 
matter  on  fire. 

The  fun  is  fo  far  off,  that  wc  ^may  confider 
every  point  upon  it’s  furface  as  at  an  infinite  dif- 
tance,  and  may  therefore  fLippofe  the  rays  emitted 
from  each  point  to  be  parallel  to  each  other ; con- 
fcqucntly  all  the  rays  from  the  fun  that  tall  upon 
a convex  lens,  will  by  pafling  through  the  glafs  be 
made  to  converge,  and  unite  in  a focus  behind  it. 

I'hc  effecl  of  the  rays  of  the  fun,  w hen  they 
are  thus  collected,  is  the  reafon  why  the  point 
where  they  are  collcdled  is  called  the  focus:  and 
the  name,  after  it  had  for  this  reafon  been  given  to 
VoL.  11.  O this 
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this  point,  has  been  made  ufe  of  as  a general  one 
to  fland  for  any  point,  where  converging  rays  meet, 
or  to  which  they  tend. 

Every  lens,  whether  convex,  or  plano-convex, 
will  collcdl  by  refraeflion  the  rays  of  the  fun  dif- 
perfed  over  it’s  fqrface  into  a point,  and  thus  be- 
come a burning  lens.  To  underfland  this,  let 
'M  N,  15,/?/.  2,  reprefent  a convex  lens,  re- 

ceiving on  it’s  furface  the  rays  R,  R,  R,'  of  the  fun  ; 
thefeare  refrained  by  the  lens  into  a fmall  luminous 
circle,  which  ts  the  image  of  the  fun. ' 

As  allThc  fays' which'  fall'upon  the  lens  arc 
united  in  it’s  focus,  their  elfedt  ought  to  be  fo 
. much  more,  as  the'  furface  of  the  lens  exceeds  that 
of  the  focus. ' /^Thus  if  a lens  four  inches  broad 
'collcdl  the  fun’s'  rays  into  a focus  at  the  diftance  of 
one  foot  or  twelve  inches,  the  irhage  will  not  be 
more  than  i-iotli  of  an  inch  broad.  The  furface 
of  this  little  circle  is  1600  times  lefs.than  the  fur- 
face of  the  lens,  and 'confequently,  the  fun’s  light 
mull  be  fo  many  times  deiifeF  wdthin  that  circle  ; 
it  is  not  therefore  furprizing  that  it  burns  with  a 
degree  of  ardciur  and  violence  exceeding  any  culi- 
nary fire. 

That  t!ie  ancients  made  ufe  of  burning-glafles, 
is 'evident  from  a palfagc  in  a play  of  Arfjiophaties, 
called  the  Clouds,  where  Slrepjiades  tells  Socrates^ 
that,  he  had  found  out  an  excellent  method  to  de- 
fc'at-  his  creditors,  if  they  fliould  bring  an  adtion 
againll  him.  His  contrivance  was,  that  he  would 
get' from 'the  jewT  Hers  a certain  tranfparent  flone, 
that  was  ufed  for  kindling  fire,  and  then  (landing 
at  a diftance,  he  would  hold  it  to  the  fun,  and 
melt  down  the  wax  on  which  the  adlion  was 

written.  . - 

The  moft  confiderable  of  thefe  glades  are 
thofe  that  were  made  bv  M.  Tfehirnhaufen,  and 

Mr. 
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Mr.  Parker:  Tho’  I have  already  mentioned  * both 
to  you,  it  may  be  worth  while  to  enter  into  fome- 
what  a larger  detail  of  their  clTedis.  The  dia- 
meter of  that  of  M.  Tfehirnhaufen  was  three  feet* 
the  focus  was  formed  at  twelve  feet,  and  it’s  dia- 
meter It  inch  and  weighed  i6o  pounds;  To 
render  the  focus  more  vivid,  it  was  colledled  a 
fecond  time,  by  a lens  placed  parallel  to  the  ’firff, 
and  fp  fituated,  that  the  diameter  of  the  cone  of 
rays,  formed  by  the  firff  lens,  was  exactly  equal  to 
the  diameter  of  the  fecond  lensj  fo  that  it  received 
all  the  rays,  and  the  focus  was  contracted  to  eight 
lines,  and  it’s  force  was  increafed  proportionably. 

The  lens  made  by  Mr.  Parker,  of  Fleet-flreet^ 
was  formed  of  flint  glafs,  is  three  feet  in  diameter, 
and  when  fixed  in  it’s  frame,  expofes  a clear  fur- 
face  of  2 feet  8 ^ inches  in  diameter,  weierhs  212 
pounds,  focal  length  6 feet  8 inches,  diameter  of 
the  focus  I inch.  A fecond  lens  was  ufed,  which 
reduced  the  focus  to  half  an  inch. 

I fhall  noVv  recite  fomeof  the  principal  effedts 
of  that  made  by  M.  Tfchiinhaufen,  having  al- 
ready noticed  thofe  of  Mr.  Parker’s. 

1.  Every  kind  of  wood  catched  fire  in  an  in- 
fiant,  whether' hard  or  green,  or  foaked  in  water. 

2.  Thin  iron  plates  grew  red-hot  in  a mo- 
ment, and  then  melted. 

3.  I'iles,  flat'es,  and  all  manner  of  earth,  grew 
red  in  a moment,  and  vitrified. 

4.  Sulphur,  pitch,  and  all  refinous  bodies, 

melted  under  wafer.  ' ‘ 

5.  Fir  wood  expofed  to  the  focus  under  W'ater, 
did  not  feem  changed  ; but  when  broken,  the  in- 
fide  was  found  burnt  to  a coal. 

6.  If  a . cavity  was  made  in  a piece  of  char- 
coal, and  the  fubflances  to  be  added  upon  were  put 
in  it,  the  efiedt  of  the  lens  was  much  increafed. 

7.  Any  metal  whatfoever  thus  inclofed  in  the 

^ 2 cavity 

* Vo’,  i.  p.  389, 
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cavity  of  a piece  of  charcoal,  melted  in  a moment, 
the  lire  fparkling  like  that  of  a forge. 

8.  The  afhes  of  wood,  paper,  linen,  and  all 
vegetable  fubftances,  were  turned,  in  a moment, 
into  a tranfparent  glafs. 

9.  The  fubftances  mod  difficult  to  be  wrought 
on  were  thofe  of  a white  colour. 

10.  All  metals  vitrilied  on  a china  plate, 
when  the  china  plate  was  fo  thick  as  not  to  melt, 
and  the  heat  was  gradually  communicated. 

1 1 . When  copper  was  thus  melted,  and  thrown: 
quickly  into  cold  water,  it  produced  fo  violent  a 
fliock,  as  broke  the  ftrongeft  earthen  vefiels,  and 
the  copper  was  entirely  diflipated.* 

The  experiments  with  a burning-glafs,  among 
other  things,  prove  that  fire  is  regularly  diffufed 
through  all  fpace,  and  perfed:  therein ; and  that 
when  properly  diredled  and  put  in  adion,  it  burns 
with  a vehemence  fuperior  to  any  culinary  fire. 
The  fire  was  in  the  expan fe  before  the  glafs  was 
applied  ; and  the  furfaceby  which  it  was  colled:cd 
and  direded,  only  put  that  fire  into  aedion,  which 
already  exifted. 

Mr.  Parker  obferved  a violent  rotatory  mo- 
tion in  the  rays  at  the  focus,  which  rotatory 
motion  became  vifible  on  a fmall  mafs  of  gold 
when  melted  ; for  it  infiantly  afiumed  a motion- 
round  it’s  axis,  and  that  invariably  the  fame  zvay 
as  the  earth  moves  round  it’s  axis.  The  velocity  of 
this  motion  was  accelerated,  if  at  any  time  the 
fun  fiione  with  greater  brightnefs  than  before. 

Though  the  heat  of  the  focus  was  fo  intenfc 
as  to  flux  gold  in  a few  feconds,  yet  there  was  no 

heat 

* When  plates  of  copper  are  cafl  at  a foundryj  after  the 
moulcis  have  been  well  heated  and  dried,  they  wj-apfKem  round 
with  blankets  to  prevent  the  accefs  of  any  mp^fture,  which 
would  not  only  diflipatc  the  metal,  but  blow  up  the  works,  and 
even  oveiturn  the  iioufe  itlelf. 
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heat  at  a fmall  diftance  therefrom  ; and  the  finger 
might  be  placed  in  the  cone  of  rays,  within  an 
inch  of  the  focus,  without  receiving  any  hurt. 
Mr.  Parker  had  the  curiofity  to  try  what  the  fen- 
fation  of  burning  at  the  focus  was,  and  having  put 
his  finger  there  for  that  purpofe,  he  fays,  it  nei- 
ther feemcd  like  the  burning  of  a lire,  nor  a can- 
dle, but  the  fenfation  was  that  of  a Jharp  cut  wdth 
a lancet. 

You  may,  by  means  of  the  focal  rays  from  this 
glafs,  char  or  burn  a piece  of  wood  to  a coal  in 
a decanter  of  water,  and  yet  the  lides  of  the  de- 
canter, through  which  the  rays  pafs  fo  very  near 
the  focus,  will  not  be  cracked,  nor  any  ways  af- 
fedbed  ; nor  will  the  water  be  in  the  leaft  degree 
warmed.  The  wood  was  afterwards  taken  out,* 
and  the  rays  throw  n on  the  water  ; but  no  con- 
tinuance of  coljedled  rays  in  this  way,  would  either 
heat  the  w^ater,  or  crack  the  glafs  ; but  if  a piece 
of  metal  be  put  into  the  water,  it  foon  bccon^kes 
too  hot  to  be  touched,  and  communicating  it’s 
heat  to  the  water^  makes  it  not  only  warm,  but 
fometimes  caufes  it  to  boil. 

Though  the  w^ater  alone  is  not  affecfled  ; yet 
when  a little  ink  was  poured  into  it,  the  water 
began  to  boil  in  a very  little  time^ 

Pf  THE  SciopTRic  Ball,  or  Camera  Obscura. 

By  camera  obfeura^  opticians  mean  any  darken- 
ed room,  out  of  which  all  the  light  is  excluded, 
but  what  comes  through  a lens  upon  a whitt^ 
fereen  properly  placed,  on  which  the  objedls  feen 
• without  arc  depicbed. 

It  is  in  general  made  in  two  different  ways : 
one  is,  a large  room  or  chamber,  made  as  dark  as 
polTible-,wdth  the  fcioptric  ball  fixed  in  thewindow- 
fliutter  : the  other  is  fmall,  and  made  in  various 

O 3 ways. 
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ways,  as  that  of  a box,  a book,  &c.  for  the  con- 
veniency  of  carrying  it  from  place  to  place ; 
whence  it  is  called  the  portable  camera  obfciira, 
and  is  ufeful  to  a young  artill  in  taking  the  optical 
view  of  any  prapofed  profpedt. 

It  is'by  means  of  convex  lenfes  that  we  obtain 
all  thcv  advantages  that  are  derived  from  the  ca- 
mera obfcLira,  which  exhibits,'  in  a moft  pleaiing 
manner,  all  the  objects  feen  without  in  their  na- 
tural proportions,  colours,  and  motions,  as  vivid 
and  beautiful  as  life’;  which  I ihail  fliew  you  as 
foon  as  I have  explained  the  nature  of  the  in- 
ilrument. 

Let  W,  X,  Y,  Z, /ijf.  6,/)/.  2,reprcfentadarkened 
room  or  box,  well  clofed  on  all  tides,  fo  as  to  ad- 
'mit  'no  light  but  what  comes  through  the  lens  o, 
whofe  focus  is  fuch  that  the  image  of  the  objedts 
from  without  fall  exadlly  on  the  wall. 

In  the  diagram,  to  prevent  xonfufion  from 
too  many  lines,  only  three  pencils  are  drawn,  one 
from  each  of  the  extremes  P,  R,  the  other 'from 
the  middle  Q,  of  the  objedl  P Q R;  and  in  thefc 
pencils  there  are  only  drawn  the  axis,  and  the  two 
extreme  rays.  ' ' ' " ' ' 

But  the- rays  that  flow'  from  any  point  (as  P, 
for  inftance)  upon  the  lens  are  innumerable,  the 
whole  conical  fpace  b P d being  filled  wdth  them. 
Thefe  are  all  colledled  and  united  at  the  focus  p, 
and  there  received  upon  the  white  paper,  and  are 
refledled  by  it  in  all  manner  of  directions;  fo  that 
to  a fpedtator  in  the-  room,  p is  now,  as  it  w'erc, 
a real  objedt,  exactly  fimilar  to  the  phyfical  point 
P,  in  proportion  to  it,  as  Op  to  O P,  and  p is 
of  the  fame  colour  with  P,  becaufe  the  rays  flowing 
upon  the  lens  from  P are  united  at  p,  diftindf  and 
feyarate  fiom  the  rays  coming  frem  other  parts  of 
the  objedf. 

Ever}'  other  phyfical  point  of  the  objedf  fends 
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forth  it’s  cone  of  rays,  which  are  united  by  the 
lens,  orderly  at  p,  q,  r,  and  being  there  refieded 
by  the  fereen,  the  image  of  the  whole  objed  is  - 
diftind  and  vifible,  like  a pidurc  drawn  upon.- 
canvas  ; but  much  more  lively  and  dillinct  than 
the  bed  liniihed  drawings  of  the  greateft  artid. 

If  the  objeds  are  very  remote  in  proportion, 
to  the  focal  length  of  the  lens,  w'e  fhall  have  the 
pidures  of  thofe  that  are-  in  the  fame  neighbour- 
hood, pretty  diftindt  at  the  fame  time,  though  they 
are  at  the  fame  diftances  from  the  lens  ; becaufe  in 
that  cafe,  the  focal  dillances  of  the  refraded  rays 
differ  only  infenfibly.  i 

: ' There  will  be  as  many  foci  upon  the  paper  as 
there  are  radiant  points  in  the  objed,  from  which 
the  rays  proceed  ; and  thefe  foci  will  be  difpofed 
in  the  fame  manner,  in  refped;  of  one  another,  as., 
the  radiants.  Thofe  loci  will  be  the  mod  bright- 
in  which' the  mod  rays  are  united,  and  thofe  will 
be  the  lead  bright  in  which  the  fewed  rays  are- 
united.  - -r 

Now  the  mod  rays  will  be  united  in  thofe 
foci,  which  correfpond  to  the  radiants,  from  which 
the  mod  light  proceeds ; and  the  fewed  will  be> 
collcded  in  thofe  focal  points,  that  correfpond  to 
radiants  from  which  the  lead  light-  procecds-.'- 
Therefore  the  light  and  dtade. upon,  the  paper  wiU 
be  anfwerable  to  the  light  and  dtade  upon  thefurface 
of  the  objed. 

When  the  rays  from  thefe  foci  are  refieded  by 
the  paper,  and  enter  the  eye  of  a fpcBator,' who- 
looks  at  the  paper,  he'  will  there  fee  the  pidurc, 
or  likenefs  of  that  object ; for  the  figure  made  up 
of  thefe  foci,  will’ be  like  the  figure  ot  the  object, 
becaufe  the  focal  points  are  difpoled  in  the  fame' 
manner,  with  refped  to  one  another,  that  the  ra- 
diants in  the  objeds  are.  The  light  and  lhade 
upon  the  paper  arc  every  where  aniwcrable  to  the 
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light  and  fhade  upon  the  furfacc  of  the  objccfl* 
And  the  colouring  of  each  particular  part  through 
the  whole  figure  upon  the  paper3  is  the  fame  with 
the  colouring  of  the  correipondent  part  in  the 
objedf. 

If  the  fcrccn  be  moved  nearer  the  lens, 
as  to  X,  or  farther  from  it,  as  to  y,  the  pidiure  will 
be  cqnfufed,  becaiife  the  rays  proceeding  from  the 
next  adjacent  objects  begin  to  interfere  and  mix 
together,  as  the  rays  from  a will  be  mixed  with 
thofe  from  P.  The  diflinctnefs  of  the  picture,  we 
have  obferved,  is  entirely  owing  to  the  reparation 
of  the  rays  belonging  to  every  point  of  the  objedl 
upon  their  reception  on  the  fcrecn.  If  the  fereen 
be  removed  farther  and  farther  from  the  focus,  the 
picture  will  become  more  and  more  indiftindt,  and 
at  length  totally  vanifh,  no  one  part  being  diftin- 
guifhable  from  the  reft;  for  all  the  rays,  that  pro- 
ceed from  the  fcvcral  points,  muff  go  to  as  many 
correfpondent  points  to  make  a complete  image  of 
the  objedf.  ‘^'be  brightnejs  of  i he  pibhirCy  v:hen  it's 
diftance  from  the  lens  is  given,  is  in  proportion  to  the 
area  of  the  lens.  The  diff  indlnefs  of  the  pidture  is 
not  the  fame  thinji;  as  it’s  bri^htnefs ; nor  is  the 
cpnfufion  of  parts  the  fame  thing  as  it’s  obfeurity. 

The  pidture  may  be  diffindt  in  all  it’s  parts ; 
the  rays  which  come  from  one  and  the  fanae  point 
of  the  object,  may  be  exadfly  colledted  into  one 
and  the  fame  point  on  the  paper ; and  yet,  if  but 
few  rays  fhould  pafs  through  the  lens,  the  pidture 
will  be  diffiiidt,  thpugh  faintly  enlightened.  Or, 
though  the  pidture  be  confufed,  either  by  the  fereen 
being  placed  at  an  improper  diftance  from  the  lens, 
or  Irom  any  other  caufe,  yet  if  many  rays  pafs 
through  the  lens,  the  pidture  will  be  a bright  one, 
no’^vvithftanding  it’s  cenfulion.  , 

Hence  you  fee  that  the  brightnefs  of  the  pic- 
ire  in  e\  cry  part  depends  on  the  rays  that  come 
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to  that  part,  and  that  the  pi(5ture  will  he  bright 
or  faint,  in  proportion  as  it  is  tormed  by  more  or 
fewer  rays.  Now  the  quantity  of  light,  or  number 
of  rays  that  pafs  frem  any  given  objcel:  into  the 
room,  is  greater  or  fmaller  in  proportion  as  the 
hole  through  which  they  pafs  is  greater  or  lefs,  or 
as  the  area  of  the  lens  is  greater  or  fmaller. 

I'he  foot  of  the  crofs  will  be  at  r,  and  the  top 
at  p,  for  every  objecfl  mud:  be  reprefented  at  the  place 
where  a line  falls,  drawn  from  the  objcel  through 
the  middle  of  the  lens  ; and  confcquently  what  is 
at  the  top  will  be  reprefented  at  the  bottom;  ob- 
jects to  the  right  will  be  the  left  in  the  piclure. 

Why  the  image  is  inverted,  is  evident  from  a 
bare  infpedion  of  the  ligurc  ; and  it  is  alfo  evident, 
that  this  invcrfion  is  not  owing  abfolutely  to  the  lens ; 
for  if  that  be  removed,  and  the  light  be  admitted 
through  a fmall  hole  in  the  Ihutter,  as  you  Law  at 
the  beginning  of  this  Lebture,  we  fliallhave  an  in- 
verted piclure'on  the  fereen,  though  very  imperfedl 
Avhen  compared  to  that  formed  with  the  lens  : the 
fcvcral  pencils  in  both  cafes  crofs  each  other ; but 
without  the  lens,  the  pic^lure  is  very  faint  and  con- 
fufed ; it  is  faint  for  want  of  fufticient  light, 
fo  many  rays  from  each  point  not  being  collecled 
together  ; it  is  confufed  becaufe  the  rays  that  pro- 
ceed from  the  adjacent  obje<fl:s  interfere  and 
mingle  together. 

Let  us  now  proceed  to  try  the  fcioptric  hall, 
or  ox's  eye.  To  ufc  this,  the  window  s of  the  room 
mull  be  made  to  fhut  very  cldfe,  and  if  there  be 
any  crevices  they  Ihould  be  flopped,  as  we  have 
done  here,  by  nailing  Hips  of  cloth  clofeover  them; 
the  falh  is  thrown  up,  and  w^e  have  cut  a hole  in 
the  fliutter  fulficient  to  let  the  ball  move  freely 
therein:  to  this  we  Iball  ferew  our  inflrument, 
which  conlills  of  three  parts,  a frame,  a ball,  and 
a lens.  The  Hat  lide  of  the  frame  is  to  be  placed 
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ciofe  to  the  window  (butter;  the  frame  confids  of 
two  parts,  the  flat  board  with  a hole  in  it,  and  a 
fcrew,  to  which  a ring  may  be  fcrcwcd,  by  which 
the  ball  is  confined ; it  moves  with  more  or  lefs  • 
eafc,  as  this  ring  is  fcrewcd  more  or  Icfs  tightly ; 
the  ball  has  a large  cylindrical  hole  at  each  end, 
which  is  cut  to  a female  fcrew  for  receiving  a lens 
fitted  in  a cell.  By  the  motion  of  the  ball,  the 
axis  of  the  lens  . may  be  turned  different  ways;’ancj 
the  fphericity  of  the  frame  and  ball  prevents  any 
light  being  tranfmitted  between  them.  There  are 
iifualh/  two  lenfesof  different  focal  lengths;  byufmg* 
both  together  you  obtain  a third,  having  a fhorter 
focus  than  either  of  the  others.  There  is  a paper 
fereen,  and  a half  polifhed  glafs,  with  proper  fup- 
ports,  fo  that  I may  place  either  of  them  exadly  in 
tl  locus,  by  moving  them  to  and  fro  till  the  pic- 
tuie  is  diilindt. 

This  mfirument  may  be  confidered  as  a kind 
of  artijlcial  eye  ; the  frame  may  reprefent  a fruf- 
ti  um  of  the  orbit  of  the  eye,  and  the  wooden  ball 
which  is  moveable  every  way  therein  the  globe  of 
the  eye,  moveable  every  way  in  it’s  orbit ; the  hole 
in  the  bail  reprefents  the  pupil  of  the  eye,  fhe  con- 
vex lens  correfponds  to  the  cryflalline  humour,  and 
the  fereen  to  the  retina ; all  which  you  w ill  better 
comprehend  when  we  come  to  explain  the  nature 
of  vifion.  I fix  the  fcioptric  ball  in  it’s  place,  and 
darken  the  room,  and  fet  the  fereen  at  a proper 
dirtance  from  the  lens. 

You  fee  w'hat  a beautiful  and  lively  pidlure  of 
all  the  objccls  before  the  w indow'  is  exhibited  on 
the  fereen.  It  may  with  propriety  be  termed  na- 
ture’s art  of  painting.  You  have  perfpedfive  here 
in  perfcclion,  or  a jufi:  diminution  of  obje(fi;s  in 
proportion  to  the  diifances,  the  images  being  all  in 
proportion  to  the  refpedHve  apparent  magnitudes 
of  the  objchls  feen  by  an  eye  at  the  hole  in  the  win- 
dow. The  colouring  here  is  juft  and  natural,  the 
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lights  and  fliadcs  pcrfc^Uy  jufl,  and  the  motions  of 
all  objeds  are  perfedly  exprclTed  ; the  leaves  qui- 
ver, the  boughs  wave',  the  birds  fly,  ^:c.  a's  in  na- 
ture, though  much  quicker,  and  in  a IcHer  fccnc. 
From  the  camera  obfeura,  the  painter  may  learn 
his  imperfedions  ; he'  may  fee  what  he  iliould  dOj 
and*  know  what  he  cannot  perform. 

ObSERVATIONS'ON  THE  SciOPTRIC  BalL. 

« 

All  other  circumffances  bcingthe  fame,  the  pic^ 
tures  of  objeds  that  are  near,  as  within  5,  10,  or  20 
vards,are  more  vivid  than  thofe  that  are  more  remote. 
Univcrfally,  the  pidures  will  be  more  ddfind  and 
pleafant,  when  the  objeds  are  at  fuch  moderate  dif- 
tances,  in  proportion  to  the  focal  length  of  the  lens, 
as  to  exhibit  fmall  parts,  as  the  features  of  a per- 
fon’s  face,  the  tiles  of  a houfe,  &c.  If  the  light 
without  is  favourable,  and  the  fpeedator  has  been 
fome  time  in  the  dark,  it  is  furpriling  how  didind 
and  bold  objeds  will  appear,  that  arc  dimini  (lied 
at  lead  20  or  30  times;  and  a perfon  may  be  known, 
when  his  features  are  no  bigger  than  in  that*  pro- 
portion. The  lights  and  tints  are  then  exquifitely 
delicate  and  perfedly  jud,  and  the  relievos  of  ob- 
jeds furprizingly  bold.  A didant  profped  appears 
perfed  enough,  but  does  not  form  fo  entertaining 
a pidure. 

All  light  diould  be  excluded  from  it  but  what 
comes  through  the  lens  ; for  in  proportion  as  the 
field  about  is  darker,  the  objeds  will  appear 
brighter,  as  the  dars  do  in  a dark  night.  The  fpec- 
tator  himfelf  Ihould  alfo  be  in  the  dark,  at  lead 
while  he  looks  at  the  picture ; for  by  this  means 
the  pupils  of  his  eyes  enlarge  ; and  as  they  enlarge, 
the  apparent  brightnefs  of  the  pidure  will  increafe; 
and  being  free  from  extraneous  light,  the  impref- 
dons  on  the  retina  will  be  more  vivid  and  fen lible. 
The  objeds  diould  alfo  be  well  enlightened,  other- 
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^'ife  the  pidlures  will  be  dull,  obfcure,  and  no  ways 
agreeable.  You  mud  therefore  never  exhibit  but 
in  a clear  day,  and  it  w ill  anfwcr  bed  w hen  the  fun 
Ihines  upon  the  objedls  ; that  is,  if  the  profpedl;  be 
weftern,  the  appearance  wdll  be  beft  in  the  morn- 
ing; if  caftern,  in  the  altcrnoon  ; if  northern,  about 
noon.  A ibuthern  afpect  is  the  word  of  any  for  the 
camera  obfeura. 

A proper  aperture  fliould  be  given  to  the  iens; 
if  the  aperture  be  too  fmrdl,  the  picture  will  be  dark 
and  obfcure,  and  upon  that  account  indidincl  and 
unpleafant.  if  the  aperture  be  too  large,  the  pic- 
ture will  be  indiftindt,  on  account  of  the  aberra- 
tion of  the  extreme  rays,  of  which  we  fhall  Ipeak 
hereafter;  and  alfo  becaufe  the  pidture  will  be  too 
much  enlightened  by  the  adventitious  light  which 
enters  the  room,  by  which  it  is  much  obicured  ancj 
injured. 

The  apertures  will  admit  of  fomc  latitude, 
and  may  be  more  or  Icfs  contradlcd,  as  the  objecds 
arc  more  or  lefs  illuminated,  or  as  they  arc  nearer 
or  farther  from  the  lens.  Mr.  Harris  fays,  that  in 
a clear  day,  and  the  fun  drining  obliquely  upon  the 
objefis,  a lens  of  1 8 inches  focus  does  bed  with  an 
aperture  from  i to  if  inch,  according  as  the 
weather  varies ; when  the  weather  was  overcad,  an 
aperture  of  if  inch  a(dcd  bed ; when  the  fun 
ihone,  a lens  of  30  inches  focus  bore  an  aperture 
of  ii->  and  w'ould  not  bear  more  than  if  inch. 

After  every  attempt  to  improve  the  pidlure^ 
the  apparent  brightnefs  will  dccreafe  nearly  as  the 
fquarc  of  the  focal  length  of  the  lens  is  increafed. 
For  this  apparent  brightnefs  will  be  nearly  as  the 
dendty  of  the  light  in  the  pidlurc,  divided  by  the 
dendty  of  the  adventitious  light  in  the  room.  And 
w hatever  is  the  focal  length  of  the  lens,  the  den- 
lity  of  the  adventitious  light  will  be  nearly  as  the 
fquarc  of  the  linear  aperture  of  &he  lens ; and  to 
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prcfcrvc  the  fame  denfity,  the  aperture  muft  be  as 
the  focal  length  of  the  lens. 

In  fome  cafes  the  breadth  of  the  pidlure  maybe 
about  I-  of  it’s  diltance  from  the  lens,  and  even  more 
if  the  paper  be  made  a little  concave ; that  is,  the 
pidure  may  take  in  a field  of  near  40  degrees ; 
but  in  moll  cafes,  when  the  held  is  fo  large,  the 
pidure  will  be  more  dihind  in.  the  middle  than 
towards  the  extremes,  and  therefore  you  fhould  feU 
dom  exceed  an  angle  of  about  20  or  30  degrees. 

A glafs  having  both  it’s  fides  ground  fiat, 
nearly  parallel,  and  poliihed  on  one  fide,  wdll  ex- 
hibit the  images  of  objeds  vaflly  more  vivid  and 
diftind,  than  by  refledion  from  paper,  &c.  . The 
rays  are  not  fo  much  dilfipated  in  this  cafe,  as  they 
are  by  refledion  from  the  opake  furface ; you  are 
alfo  lefs  oflended  by  extraneous  light,  as  none  is 
admitted  but  what  falls  upon  the  glafs,  and  palTes 
through  it,  and  you  may  therefore  have  a good 
pidure  by  a much  deeper  or  lhallower  lens  than 
you  have  on  the  paper. 

The  inverted  pofltion  of  the  images  in  a ca- 
mera obfciira  is  an  imperfection  ; an  inverted 
pidure  docs  not  look  near  fo  pJeafant  as  one  that 
is  ered,  and  a perfon  cannot  be  known  near  fo 
readily  in  an  inverted  pidure,  as  after  the  fame 
pidure  is  fet  in  it’s  proper  polition.  But  if  you 
take  a looking-glafs,  and  hold  it  before  you  with 
the  face  towards  the  pic^ture,  and  inclining  down- 
wards, the  images  will  be  cred  in  the  glafs,  and 
appear  W'ith  greater  luilre  than  in  the  fereen;  or 
you  may  place  a fmall  mirror  before  or  behind  the 
lens,  to  infled  the  rays  before  they  come  to  the 
pidure. 

♦ In  portable  inftruments  this  inverfion  is  removed. 
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Of  the  Magic  Lantiiorn. 

The  magic  lanthorn  has  been  generally  ap*-» 
plied  to  magnify  fmail  pictures  in  a dark  room  lor 
the  amufement  cLchildrcn:  we  fhall  fhew  you  that 
<it  may  be  applied  to  more  important  piirpofes,  by 
tiling  it  to  explain  the  general  principles  of  optics, 
agronomy,  botany,  &tc. 

The  conflruc  .ion  and  theorv  of  this  inflrumcnt 
is  very  cafy  ; it  confifts  of  a tin  lanthorn  with  a tube 
fixed  to  the  front;  this  tube  confifis  of  two  joints, 
one  of  w’hich  Hides  into  the  other;  by  drawing 
theoutermofl:  foint  out,Crpulhing  it  in,  the  tube  may 
be  made  fliortcr  or  longer.  At  the  end  of  this  move- 
able tube  a convex  lens  is  fitted;  the  pidure  which 
is  painted  with  tranfparent  coloiirs  on  glafs,  is 
placed  in  a groove  made  in  the  immoveable  part  of 
the  tube,  fo  that  as  the  tube  is  lengthened  or  fliort- 
cned,  the  lens  will  be  cither  at  a greater  or  Icfs 
difiance  from  the  pidure.  ’ fn  the'  inmoft  of' the 
tubes,  and  as  clofe  to  the  fide  of  the  lanthorn  as 
pofiible,  is  placed  a thick  con\ex  lens,  in  order  to 
call  a firong  light  from  the  lamp  upon  the  objed- 

To  be  more  particular;  in  the  infide  of  the 
lanthorn,  fi^.  2,  pL  3,  is  a lamp  L,  whofe  light 
pafies  through  the  plano-convex  lens  N K L',  and 
firongly  illuminates  the  objed  Q R,  which  is  a 
tranfparent  painting  on  glals,  inverted  and  move- 
able  before  the  lens  K L,  by  means  of  a fliding  frame 
in  which  the  glafs  is  fixed.  1 he  illumination  is 
often  increafed  by  means  of  a concave  mirror 
placed  at  the  back  of  the  lanthorn.  If,  when  the 
objedis  properly  illuminated,  the  Lciis  S Tbc  moved 
a little  further  from  the  objed  OR  than  it’s  focal 
difiance,  it  ^will  form  a reprefentation  at  a great 
difiance  on  the  oppolitc  wall;  and  the  image  V V\: 
will  be  as  much  larger  than  the  objed  Q R>  as  the 
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dillancc  Z O is  greater  than  Z G.  As  the  lens 
S T is  moved  farther  out  of,  or  pufned  into  the  tube, 
the  image  V W will  be  fmaller  or  larger,  accord- 
ing to  the  diftance  of  the  oppolitc  w^all. 

To  render  the  pidiure  diftind,  no  light  Oiould 
fall  upon  it  but  what  palTcs  through  the  lens,  and 
for  this  rcafon  the  lanthorn  muft  be  ufed  in  a dark 
room.  The  lens  fliould  be  very  convex,  fo  that 
the  objedl  may  be^very  near  it ; for  you  have  feen, 
that  by  fo  much  as  the  objedl  is  nearer  to  the  lens, 
will  the  image  be  at  a greater  dillancc  from  it,  and 
confeqiiently  fo  much  the  larger ; and  lince  the 
image  is  inverted  in  order  to  make  the  piclure  on 
the  Icreen  upright,  it  is  necelTary  that  the  object 
fliould  be  placed  w ith  the  wTong  end  upwards. 

Further  Remarks  on  the  Properties  of 

Convex  Lenses. 

Convex  lenfcs  are  ufed  for  looking  at  objcdls ; 
to  comprehend  this,  W'e  muft  confider  their  na- 
ture a little  further.  I have  already  told  you,  that 
when  an  objedl:  is  very  diftant,  the  image  is  repre- 
fented  at  the  focus  of  the  glafs ; and  that  the  image 
is  removed  further  from  the  lens,  in  proportion  as 
the  objedl  approaches  it;  fo  that  if  the  objedl:  is  at 
the  focal  diltahee  from  the  lens,  the  image  is  re- 
moved to  an  infinite  diftance.  And  for  this  rea- 
fon,  the  rays'  O N,  O N,  fig.  8,  pL  2,  which  Tall 
upon  the  point  O,  are  refradled  by  the  glafs,  fo 
that  they  become  parallel  to  each  other,  as  N F, 
and  N F ; and  as  parallel  lines  may  be  confidered 
as  proceeding  to  an  indefinite  diftance;  and  that* 
the  image  is  always  where  the  rays,  which  proceed 
from  the  objedl,  are  united  after  refradhlon ; in 
the  cafe  where  the  diftancc.OA  of  the  objecl:  is  equai 
to  the  focus  of  the  glals,.  the  image  is  removed 
to  an  infinjte  diftance.'  As  it  islndiftcreht  whether 
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the  parallel  lines  N F,  N F,  meet  on  the  right 
or  left  hand,  the  image  may  be  confidered  as 
being  on  either  fide,  but  at  an  infinite  diftance. 
From  hence  you  will  eafily  conclude,  where  the 
image  will  be  found,  when  the  objedl:  comes  Fill 
nearer  the  lens  than  the  focus. 

Let  O Vy  fig.  lo,  pi.  2,  be  the  objc61;  : now^  as 
the  di  fiance  O A thereof  from  the  lens  is  lefs 
than  the  focal  difiance,  the  rays  O m,  O m,  w hich 
proceed  from  the  objeeb,  are  too  diverging  to'  be 
rendered  parallel  by  refraction  ; but  continue  di- 
vergent, as  N F,  N F,  after  they  have  pafled 
through  the  glafs,  but  much  lefs  fo  than  before ; 
fo  that  by  prolonging  them  on  the  other  fide  the 
lens,  they  will  meet  fomewhere,  as  at  o;  confe- 
quently  N F,  N F,  after  refraCtion  follow  the  fame 
direction  as  if  they  proceeded  from  the  point  o, 
and  an  eye  w hich  receives  thefe  rays  w ill  be  afi'eCt- 
ed  as  if  they  came  from  o,  and  w ill  imagine  thau 
the  object  of  vifion  is  at  o : there  will,  however, 
be  no  image  formed  at  o,  and  in  vain  would  you 
apply  a fereen  there  to  receive  it. 

But  an  eye  at  E receives  the  fame  imprcfiioii 
as  if  the  objeCt  O P exified  at  c»  It  is  therefore 
important  in  fuch  cafes  to  know  the  fize  and  place 
of  the image  op.  With  refpeCl  to  the 
place,  it  will  be  fufheient  to  remark,  that  if  the 
difiance  from  the  objeCl  A O was  equal  to  the 
focal  difiance  of  the  glafs,  the  image  wmuld  be  at 
an  infinite  difiance  ; but  that  as  the  objeCl  is  brought 
to  the  lens,  the  more  the  imaginary  image  alfo 
approaches  the  glafs, yet  it’s  difiance  always  exceeds 
that  of  the  objeCt  from  the  glafs. 

To  illufiiate  this  by  an  example;  let  the  focal 
difiance  of  the  glafs  be  6 inches,  and  the  foU 
low’ing  tables  will  give  you  the  difiances  ot  the  ob- 
jeCt,  al  well  as  the  eorrefponding  difiance  of  the 
imaginary  image  op. 
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Defiance  of  the  object  A O. 
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||  Dijlance  of  the  imagi- 
nary image  A c. 
Infinite. 
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The  rule  for  finding  the  frze  of  the 
ginary  image  op,  is  cafy  and  general.  I3raw  a 
line  C P p,  through  the  e^ctremity  of  the  objecf,  and 
c the  center  of  the  glafs,  and  at  p,  where  it  meets 
the  line  o p,  perpendicular  to  the  axis  of  the  glafs, 
you  find  o p for  the  fize  of  the  imaginary  image: 
from  whence  you  fee,  that  this  image  is  always 
larger  than  the  objedt;  and  that  in  proportion  as 
it’s  diflance  from  the  glafs  exceeds  that  of  the 
objedl  from  the  glafs:  you  alfo  fee,  that  the  image  is 
not  inverted. 

From  thefe  obfervations  you  will  compre- 
hend the  ufe  of  convex  lenfes  to  perfons  who  do 
not  fee  near  objedls  diffindly,  but  fee  wxll  thofe 
that  are  at  a diflance  ; for  by  the  help  of  thefe 
glaffes  they  fee  near  objects  as  if  they  were  at  a 
diflance. 


Of  Concave  Glasses. 


As  convex  glaffes  caufe  the  rays  of  light  to 
converge  and  unites  fo  thofe  which  are  concave 
make  them  feparate  and  diverge  ; for  which  rea- 
fon,  if  diverging  rays  fall  upon  a concave  lens,  they 
will  diverge  more  after  they  have  paffed  through 
it  than  they  did  before;  and  fuch  rays  as  converge 
before  their  incidence,  will,  after  their  pafilure, 
converge  lefs,  their  efled:  being  diredly  contrary 
to  that  of  convex  lenfes. 

VoL.  11.  ^ 
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Let  us  confider  their  nature  by  a diagram, 
fg.  12,  pi.  2,  an4  O P as  an  objed  at  a great  dif- 
tance,  fo  that  the  rays  O M,  O M,  may  be  deemed 
parallel.  Thefe  falling  upon  the  concave  glafs  are 
thereby  rendered  more  divergent,  and  go  on  in 
the  diredions  N F,  N F,  as  if 'they  had  proceeded 
from  the  point  e,  although  they  really  proceed 
from  o. 

As  the  rays  are  deemed  parallel,  if  the  glafs 
had  been  convex,  o Avould  have  been  the  focus ; 
but  fince  there  is  no  real  concurrence  of  the  rays, 
this  point  is  termed  the  imaginary  focus  of  the 
concave  lens,  and  fometimes  the  point  of  dlfper- 
fion^  as  the  refraded  rays  feem  to  diverge  from  this 
point. 

Concave  glafTcs  have,  therefore,  no  real  focal 
point ; but  one  that  is  imaginary,  whofe  diflance 
A oy  however,  is  termed  the  focal  diflance. 

When  the  objed  O P is  at  an  infinite  diflance, 
the  imaginary  image  o p is  reprefented  at  the  focal 
diflance  of  the  concave  lens,  and  on  the  fame  fide 
as  the  objed  ; but  though  this  image  is  imaginary, 
the  eye  is  affeded  in  the  fame  manner  as  if  the 
rays  proceeded  from  that  point. 

When  the  objed  is  nearer  the  glafs,  the  image 
op  alfo  approaches  it;  but  fo  that  the  image  is 
always  nearer  the  glafs  than  the  objed ; whereas  in 
convex  glalTes  it  is  further  from  the  lens  than  the 
objed.  To  make  this  clearer,  let  us  fuppofe,  tliat 
the  focal  diflance  of  the  concave  lens  be  6 inches; 
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Diflance  of  the  image  O A. 
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The  fame  rule  as  I gave  you  before  deter- 
mines the  lize  of  the  image,  by  drawing  a line 
from  the  center  of  the  glafs  to  the  extremity  of 
the  objedf,  which  will  pafs  by  p,  the  extremity  of 
the  image  ; .this  image  is  not  inverted.  Indeed,  it 
is  a general  rule,  that  the  image  is  always  upright 
when  it  is  on  the  fame  fide  of  the  glafs  as  the  object. 
The  figure  fnews  you,  evidently,  that  in  concave 
glalfes  the  image  is  always  lefs  than  the  objedf. 

\ou  may  now  fee  why  concave  glalfes  are  of 
fuch  ufc  to  Ibort-fighted  perfons,  or  thofe  who 
only  fee  near  objeds  diffindlly  ; for  they  will  re- 
prefent  diftant  objeds  to  them  in  the  fame  manner 
as  if  they  were  really  very  near. 

A menifeus  has  the  properties  of  a convex  lens, 
when  the  inner  radius  is  the  greater,  and  of  a con- 
cave M'hen  the  inner  radius  is  the  fmallefi:.  If  the 
two  furfaces  are  concentric,  it  has  the  properties 
of  neither;  for  the  rays  will  then  emerge  parallel. 
If  the  radius  of  convexity  be  lefs  than  the  radius 
of  concavity,  then  the  menijcus  will  have  all  the 
properties  of  a convex  lens  of  the  fame  focal  dif- 
tance.  If  the  radius  of  the  concavity  be  lefs  than 
the  radius  of  convexity,  then  the  menifeus  will 
have  all  the  properties  of  a concave  lens,  whole 
focal  diftance  is  theTamc. 

When  any  /mail  objeH^  or  any  point  of  that  ob- 
jcFi,  isfeen  by  refrab'ied  light,  it  appears  in  the  di^ 
reftwn  of  that  line,  which  the  ra\s  deferibe  after 
their  I aft  refraction. 

If  the  rays,  that  come  from  any  fmall  objed, 
pafs  through  a glafs  prifm,  of  which  A C B, h, 
pL  3,  is  a fedion,  the  ray  DE  will  be  refraded  to- 
wards a perpendicular,  when  it  enters  the  prifm 
and  will  deferibe  the  line  E F,  and  ^vhen•  it  goes  ' 
out  of  the  glafs  it  will  be  refraded  from  a perpen- 
dicular into  the  line  F G ; which  line  is  the  dj- 
redion  of  it  after  it’s  lall  refradion,  and  the  objed 
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D will  be  fecn  at  L,  inftcad  of  D ; for  in  this  and 
all  other  cafes  of  the  fame  fort,  the  pidare  of  the 
objedl  on  the  retina  will  be  in  the  fame  place" 
that  it  would  have  been  if  the  eye  had  been  really 
looking  at  an  objedl  placed  at  L;  for  the  re- 
•fradion  gives  the  rays  the  fame  d'iredion  as  if 
they  had  come  originally  from  L. 

From  hence  we  underhand  why  an  objed 
fecn  through  a multiplying  gl a fs^  or  through  a glafs 
that  is  cut  into  different  furfaces  inclined  to  one 
another,  appears,  at  one  view,  in  many  diftcrent 
places.  If  the  objed  F is  fecn  through  the  glafs 
-a  b c d,  fig.  7,  pi.  3,  by  the  ray  A 13,  that  paHes 
through  the  furface  c b,  the  objed  by  the  eye -at 
A,  will  be  fecn  at  B,  the  ray  D d palTes  through  the 
furface  c d,  and  when  it  is  refraded  comes  to  the 
eye  in  the  diredion  A D,  as  if  it  proceeded  from 
D,  and  therefore  the  objed  appears  at  D ; and  for 
the  fame  reafon  through  the  furface  a b;  it  appears 
at  C;  confequenily  there  v,  ill  be  the  appearance  of 
as  many  objeds  as  there  are  fuch  furtaces  on  the 
glafs,  for  each  of  them  flicws  the  fame  object  in  a 
different  place,  if  fuch  a glafs  be  fliakcn  before 
the  eye,  the  objeds  on  the  other  fide  will  appear 
aifo  to  fnake,  as  the  fituation  of  the  ray  by  which 
it  *is  feea  will  be  varied  with  every  motion  of  the 
glafs.  ‘ 

In  re  framed  vifioii,  ii  is  not  the  oh  jell  i if  elf 
feCj  but  the  lafi  image  of  ity  vshicb  conffls  cf  all  ib^ 
imaginary  radianiSy  or  point Sy  from  ’w hence  the  rays 
appear  to  diverge  after  .their  lafi  refrat'lion.  That 
you  may  the  better  underhand  what  I here  mean  by 
the  laft  image,  Ict^’^u  1 2,  pi.  3,  be  an  objed  nearer  to 
a'convex  lens  than  it’s  principal  focus.  The  rays 
that  diverge  frorri  any  point  b in  this  objed  will, 
by  paffing  through  the  Icng  be  made  to  diverge 
lefs,' and  the  imaginary  radiant  will  be  more  re- ^ 
mote  Uian  tne  real  one.  'Fhus  the  rays  b g,  bl, 
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when  they  have  gone  through  the  lens,  will  not 
proceed  fbrait  forward  in  the  lines  g k.  Ip;  but 
will  be  refraded  into  the  Icfs  diverging  diredions. 
gm,  1 n,  as  if  they  had  come  from  the  imaginary 
radiant  e,  which  is  more  remote  than  the  real  one 
b.  The  fame  will  happen  to  the  rays  that  come 
from  a,  or  c,  or  any  other  point  in  the  objed ; fo 
that  there  w'ill  be  fomewhere  behind  the  lens,  as 
at  d f,  as  many  imaginary  radiants  as  there  are 
real  ones  in  the  objed,  and  thefe  imaginary  ra- 
diants taken  all  together  compofe  the  lad  image. 
And  (ince  all  the  rays  fall  upon  the  eye,  as  if  they 
had  diverged  from  this  lad  image,  the  eye  will  be 
adeded  by  the  objed  a b c,  jud  in  the  fame  man- 
ner when  it  looks  through  the  lens,  as  it  would  be 
without  the  lens,  by  an  objed  in  all  refpeds  like 
d e f,  or  as  it  would  by  the  lad  image,  if  without 
the  lens  the  lad  image  could  be  made  vifible;  and 
becaufe  the  eye  is  adeded  when  it  looks  through 
the  lens,  as  ifdef  was  the  objed,  and  not  a be, 
therefore  we  fay,  that  it  is  not  the  objed  itfelf,  but 
it’s  lad  image  that  w^e  fee. 

This  is  univerfal;  in  refraded  vifion  the  eye  is 
. adeded  by  the  rays  of  light  after  refradion,  as  if 
they  had  come  not  from  the  objed  itfelf,  but  from 
it’s  lad  image,  which  confids  of  all  the  imaginary 
radiants  from  whence  the  refraded  rays  appear  to 
diverge  at  the  time  they  fall  upon  the  eye. 

To  FIND  THE  FoCAmL  LeNGTHS  OfLeNS^S  BY  EXPE- 
RIMENTS. 

I.  When  the  focal  length  of  the  lens  does  not 
exceed  two  or  three  feet,  it  may  be  found  by  hold- 
ing the  lens  at  fuch  a didance  from  the  wainfeot 
oppofite  a window  fafh,  that  the  image  of  the  fadr 
may  be  didind  upon  the  wainfeot,  and  thisdidance 
may  be  confidcred  as  the  focal  length  of  the  lens  - 
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but  if  the  focal  length  is  long>  you  muft  compute 
the  focus  by  the  fubfequent’ rule. 

Rule. 

Meafure  the  diftance  between  the  lens  and  the 
ob-)e<ft,  and  alfo  from  the  image  ; multiply  thefe 
dillanccs  together,  and  divide  the  produdl  by  their 
fum;  the  quotient  will  give  the  focal  difliance.  Or, 
the  rquare  of  the  diftance  of  the  obferved  focus, 
divided  by  the  diftance  of  the  objedlfrom  the  image, 
will  give  the  excefs  of  the  obferved  focus  beyond 
the  true  focal  diftance. 

2.  You  may  find  the  focus  by  making  a can- 
dle the  object.  To  do  this,  move  the  lens  or  the 
candle,-  and  the  paper  for  receiving  it’s  image,  fo 
that  when  the  image  is  moft  diftinCt  the  lens  may 
be  exactly  between  the  other  two  ; then  halve  the; 
diftance  between  the  object  or  it’s  image,  and  the 
lens  is  the  focal  diftance. 

3.  If  a fmall  hole  about  i or  i of  an  inch  be' 
made  in  the  window  fhutter  of  a darkened  room* 
and  a lens  and  piece  of  paper  be  held  behind  this 
hole  at  proper  difiances,  the  place  where  the  image 
of  the  hole  is  difiinClefi,  may  be  determined  very 
critically,  and  from  thence  the  focal  length  may  be 
found  by  the  foregoing  rule. 

4.  By  the  fun’s  image.  Place  the  lens-  fo  that 
it’s  axis  may  point  as  near  as  poffible  to  the  fun  ; 
then  holding  a paper  oppofitc  thereto,  the  burning 
point,  or  where  the  image  of  the  fun  is  fmallefi, 
and  the  limb  mofi  difiinCf,  is  the  focus..  This 
method  is  fu the iently. 'accurate  for  fpeCfacle  glalTes 
and  reading  glalfes,  and  fuch  as  are  broad  in  'pro- 
portion to  their  focal  length  ; but  will  not  anfwer 
tor  ienfes  of  a long  focus,  unlefs  they  are  fufficiently 
kyig.  to  exhibit  the  folar  fpots ; becaufe  in  thefe 
cafes  the  image  is  only  a glare  of  light  without 
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didifidlnefsj  but  the  inconvGniences  may  be  removed 
by  the  following  methods 

5.  Cover  the  lens  with  a piece  of  pafleboard 
or  paper,  and  make  two  round  holes  therein  at  an. 
equal  diftance  from  the  edge  of  the  lens,  and  on 
one  of  it’s  diameters.  The  lens  being  thus  covered, 
point  it’s  axis  to  the  fun : now  if  a paper  be  held 
behind  the  lens,  you  will  find  the  two  circles  or 
white  fpots  produced  by  the  two  holes,  gradually 
approach  nearer  to  each  other  as  the  paper  is  moved 
further;  at  laft  they  will  coincide  ; and  if  the  paper 
be  moved  ftill  further,  they  will  again  feparate. 
The  diftance  of  the  paper  from  the  glafs  when  the 
circles  unite  being  meafured,  gives  the  focal  dif- 
tance. 

To  FIND  THE  Focal  Length  of  a-Concave  Lens. 

Let  the  dens  be  covered  with  paper,  having 
two  fmall  circular  holes  ; and  on  the  paper  for 
receiving  the  light. deferibe  alfo  two  fmall  circles, 
but  with  their  centers  at  twice  the  difbance  from 
each  other  of  the  centers  of  the  circles.  Then 
move  the  paper  to  and  fro  till,  the  middle  of 
the  fun’s  light,  coming  through  the  holes,  falls 
cxadly  on  the  middle  of  the  circles;  that  diftance 
of  the  paper  from  the  lens  will  be  the  focal  lengrii 
required. 

V 

To  FIND  THE  Focus  OF  A PlANO-CoNVEX  AND  A 
Plano-Concave  Lens. 

By  fimilar  experiments  you  will  find,  i.  That 
the  focus  of  a plano-convex,  or  of  a plano-concave 
glafs,  is  equal  to  a diameter  of  it’s  convex  or  con- 
cave furface,  that  is,  of  the  whole  fpherc  it  be- 
longs to. 


2.  Tliac 
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2.  That  the  focal  diftaiice  of  a double  con-, 
vex  or  double  concave  glafs,  of  equal  convexities- 
or  concavities,  is  equal  to  a femi-diameter  of  either 
of  it’s  furfaces;  and  confequently  that  the  focal 
dlflance  ot  a glafs  of  unequal  convexities  or  con- 
cavities, will  have  an  intermediate  length  between 
a ' diameter  and  femi-diameter,  of  that  furface. 
which  is  moil  convex  or  concave. 

To  MEASURE  THE  FoCAL  DISTANCE  OF  A GlOBE  OF 
Water  and  of  Glas&. 

Take,  a hollow  globe  of  glafs,  or  inflead  of  it 
a thin  round  flaik  or  decanter,  and  making  a mo- 
derate round  hole  about  an  inch  diameter,  in  a 
piece  of  brown  paper,  pafte  it  on  one  fide  of  the 
belly  of  the  decanter ; and  having  Filed  it  with 
water,  hold  the  covered  fide  to  the  fun,  that  the 
perpendicular  rays  may  pafs  through  the  middle  of 
the  water,  and  the  emergent  rays  will  be  colledled 
to,  a focus,  whofe  neared  diftance  from  the  decan- 
ter will  be  equal  to  the  femidiameter  of  the  belly 
of  it;  as  will  appear  by  receiving  the  rays  upon  a 
paper,  held  at  that  diilance.  That  this  effecd:  is 
owing  to  the  water,  and  not  to  the  glafs,  will  be  evi- 
dent by  emptying  the  decanter;  tor  the  light  that 
paffes  then  through  the  hole,  will  then  be  as  broad 
as  the'hole  itfelf,  at  all  dillariccs  of  the  paper  from 
the  decanter.  If  a limilar  experiment  be  tried, 
with  a folid  globe  or  ball  of  glafs,  the  diftance  of 
the  focus  from  the  nearell  part  of  the  ball  will  be 
one  quarter  of  it’s  diameter. 

To  FIND  THE  Vertex  or  Center  of  a Lens. 

Hold  the  lens  at  a proper  diftance  from  the 
cve,  and  obferve  the  two  refeS/ed  images  of  a can- 
die  made  by  the  two  furfaces.  Move  the  lens  till 

thefe 
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thefe  images  coincide,  and  that  point  is  the  ver- 
tex;-and  it  this  be  in  the  middle  of  it*s  furfacc, 
the  glafs  is  truly  centered,  othervvife  it  is  not. 

The  theory  of  real  images  is  eatily  illuftrated 
by  experiment.  For  this  purpofe  I lhall  draw  a 
long  line  on  the  table,  and  place  this  convex  lens 
at  A,  fig.  7,  pL  2,  whofe  principal  focus  are  at 
F and  f.  Now  fet  off  thefe  diflances  on  each  fide 
of  A,  and  then  fet  off  the  diflance  A F on  the  part 
of  the  line  A B,  marking  the  parts  fo  fet  off,  /,  2, 
3,  4,  &c.  On  f D make  f i equal  to  Af,  and  dividd 
it  into  t^,  f%  f^,  &c.  fo  that  thefe  parts  be  re- 
fpedively  equal  4,  &c.  of  f i or  A f.  This  done, 

let  us  darken  the  room,  and  place  a lighted  candle 
over  the  divifion  marked  2;  the  image  of  the  can- 
dle will  then  be  feen  diftind  but  inverted,  upon  a 
paper  held  over  the  correfponding  fradion  on  the 
other  fide  at  4.  If  you  place  the  candle  at  3 or  4, 
the  paper  for  receiving  the  images  muff  be  held 
over  T or  i,  &c.  So  that  if  the  candle  be  moved 
frorn  2 to  an  infinite  diftance,  the  whole  motion  of 
the  image  will  be  from  4 to  f;  if  the  candle  be  at 
I,  the  image  will  be  at  i on  the  other  fide.  If  the 
candle  be  brought  nearer  to  F,  the  motions  of  the 
image  and  candle  will  be  reciprocal  to  what  they 
were  before.  But  if  the  candle  be  placed  any 
where  between  F and  the  lens,  there  will  be  no 
image  formed. 

Of  the  Degrees  of  Brightness  and  Distij^ctness 

OF  an  Image. 

Whatever  be  the  fiiape  and  magnitude  of  the 
hole  in  the  paper  that  covers  part  of  a lens,  the 
fliape  and  magnitude  ot  the  image  will  be  the  fame 
as  when  the  lens  is  uncovered ; bccaufe  any  fmall 
part  of  a pencil  of  rays  has  the  fame  focus  as  the 
whole:  but  the  brightnefs  of  the  pidure  will  be 

diminilhed 
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diminifl'icd,  in  proportion  as  the  hole  in  the  cover 
is  diminiflied  ; becaufe  the  quantity  of  light  which 
illuminates  everypoint  of  a pi6lure  is  diminilhed  iii 
that  proportion. 

A GENERAL  ViEW  OF  THE  PROPERTIES  AND  PHE- 
NOMENA OF  SINGLE  Lenses,  deduced  from  the 
Principles  already  advanced.  * 

Let  RF,  fig.  i,  pi.  4,  be  conjugate  focij 
P,  p,  the  principal  foci,  conjugate  arc  meant 
two  points  fo  lituated,  that  either  of  them  being 
the  radianty  the  other  will  be  the  focus. 

■ Then,  i.  Parallel  rays  falling  on  one  fide  of  a:  - 
convex. lens.  A,  will  be  refracted  to  P,  or  p,  on 
the  other  fide, ly  pL  4. 

2.  Parallel  rays  falling  on  one  lide  of  a con- 
cave lens.  Ay  fig.  2s  pi.  4,  will  by  refradtion  diverge 
from  P,  or  p,  on  the  fame  fde. 

3.  In  a convex  lens,  rays  diverging  from  P 
or  p,  fig,  i,  pi.  4,  will  emerge  parallel  on  the  other 
fide. 

4.  In  a concave  lens,  fig.  2,  pi.  4,  rays  con-^ 
verging  to  p or  P,  will  emerge  parallel,  going  out 
on  the  fame  fide. 

5.  In  convex  lenfes,  r?cysjfig.  r,/)/.  4,  diverging 
fcom  R beyond  P wdll  converge  to  F beyond  P, 
and  the  contrary. 

6.  In  convex  lenfes,  rays  diverging  from  R* 

3,  pi.  4,  w hich  is  nearer  P,  will  diverge  from  P’ 

on  the  fame  fide  wdth  R. 

7.  In  convex  lenfes,  rays  converging  to  F,  fig. 

4,  pi.  4,  will  by  refradfion  converge  to  R,  nearer 
than  P or  f. 

8.  *In  concave  lenfes,  rays  converging  to  R,  fig. 

2y  pi.  4,  beyond  P,  will  diverge  from  P"  beyond  p, 
and  the  contrary. 

Q.  In 

* Emerfon’s  Elements  of  Optics,  p.  125. 
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• 9.  In  concave  lenfes,  rays  converging  to 
Jhr.  5 and  6,  pi.  4,  nearer  than  p,  will  by  refradlibn 
converge  to  R beyond  F. 

10.  In  concave  lenfes,  rays  divergino-  from  R 
fig.  7,  pi.  4,  nearer  than  p,  will  diverge  from  F 
nearer  than  p. 

1 1.  In  concave  lenfes,  rays  diverging  from'  R 

' fiv.  8,  pi.  4,  nearer  than  p,  will  diverge  from  F 
nearer  Fill  than  p.  b 

A mcnifeus  may  be  confidered  as  convex  or 
concave,  according  as  the  center  of  it’s  inner  fur- 
face  is  further  off  or  nearer  than  the  center  of  the 
outward  furface. 

d'he  length  of  an  objedl  is  to  the  length  of 
the  image  made  by  a lens,  as  the  diFance  of  the 
objed  from  the  center  of  the  lens,  to  the  diFance 
ot  the  image  from  the  lens.- 

I he  area  of  the  object  is  to  the  area  of  the 
image,  as  the  fquare  of  the  object’s  diFance  from' 
the  lens  is  to  the  fquare  of  the  image’s  diffan^ 
therefrom. 

A convex  lens  magnifies  an  objedt,  when  it  is 
nearer  than  twice  the  principal  focal  diFance-  but 
If  further  off,  the  objed  is  diminifhed.  ' - 

A concave  lens  diminiFies  an  obied  in  all 
cafes. 


• If  the  pbjed  and  it’s  image  be  both,  on  the 
lame  fide  of  the  lens,  the"  image  wdll  be  ere^f  • if 

they  be  on  diFerent  Fdes,  the  image  will  be  /«- 
verled.  


When  the  objedt  and  image  are  on  different 
hdesof  the  lens,  as  the  object  approaches  the  lens 

the  image  recedes  from  it ; or  if  .the  objedt  recedes! 
the  image  approaches. 

It  the  ol^cd  and  -image  be  both  on  one  fide  of 

the  lens,,  it  the  objedt  moves  tow'ards  the  lens  the 

image  alto  moves  towards  it ; and  the  contrarv 

* 7 * 
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In  a convex  lens_,  if  the  object  be  beyond  the 
principal  focus,  it’s  image  will  be  on  the  other 
lide  of  the  glafs,  and  inverted.  But  if  the  objed: 
be  nearer  than  the  principal  focus,  the  image  will 
be  on  the  fame  lide  of  the  glafs,  and  ered. 

The  diftance  and  magnitude  of  the  image  may 
be  increafed,  at  pleafure,  by  caufing  the  objedt  to 
approach  the  principal  focus. 

In  a concave  lens,  the  objed  and  image  are  al- ' ■ 
ways  on  one  lide  of  the  lens. 

. The  image  made  by  a lens,  becomes  vifible  ' 
by  placing  the  eye  to  receive  the  diverging  rays 
going  from  the  image,  at  a proper  diftance  for 
diftind  vilion. 

The  image  formed  in  the  air  by  a lens,  may 
not  only  be  feen  by  the  eye  placed  in  the  diverging 
rays,  but  it  may  alfo  be  feen  upon  a piece  of  paper 
placed  at  the  focus. 

If  an  objed  be  placed  at  the  principal  focus' 
of  a lens,  it’s  apparent  magnitude  at  any  place 
beyond  the  lens  will  be  invariably  the  fame,  and 
equal  to  the  apparent  magnitude  when  feen  from 
the  center  of  the  lens  with  the  naked  eye ; fo  that 
the  apparent  magnitude  of  an  objed  placed  in  the 
principal  focus,  will  continue,  whether  the  eye  be 
moved  nearer  to  or  further  from  the  lens. 

The  nearer  the  eye  is  to  a lens,  the  more  of ' 
the  objed  appears;  the  farther  off,  lefs  of  it  is  per- 
ceived./ 

it  If  the  objed  be  nearer  than  the  principal 
focus,  it’s  apparent  magnitude  grows  lefs  in  going 
from  the  glafs.  If  the  objed  be  further,  the  ap- 
parent magnitude  is  increafed,  when  the  eye  goes 
further  from  the  glafs. 

If  the  eye  be  fixed  at  the  principal  focus,  the 
apparent  magnitude  of  an  objed  will  be  invariably 
the  fame,  wherever  the  objed  is  placed  beyond  the 
gkfe. 


If 
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If  the  eye  be  fixed  at  a lefs  diftance  than  the 
principal  focus,  the  apparent  magnitude  of  an 
pbjed:  is  diminilhcd,  though  by  flow  degrees,  as  it 
is  removed  from  the  lens. 

‘If  the  ’eye 'be  ' fixed  at  a greater  diflance 
than  the  principal  focus,  the  apparent  magnitude 
of  an  objerf  is  increafed,  as  it  is  removed  from 
the  glafs,  till  it  comes  to  the  conjugate  focus  in 
refpedt  to  the  eye,  and  then  it  becomes  infinite  and 
confufed,  and  begins  to  be  inverted,  and  going 
further  off  is  again  diminifhed. 

If  the  eye  and  the  obje^  be  fixed,  and  a con- 
cave lens  be  moved  from  either  of  them  to  the 
other,  the  apparent  magnitude  of  the  objed:  will 
decreafe  to  the  middle,  and  then  increafe  again. 

The  brightnefs  of  an  image  formed  by  a lens 
from  a luminous  objed,  will  be  as  the  area  of  the 
lens  diredly,  and  the  fquare  of  the  diftance  reci- 
procally. 

Though  the  brightnefs  of  the  image  increafes 
with  the  area  of  the  glafs,  the  diftindnefs  de- 
creafes ; for  it  is  only  the  rays  very  near  the  vertex 
that  arc  refraded  to  a Angle  point  in  the  pidure; 
thofe  that  are  farther  olf  deviate  more  and  more, 
and  thus  render  the  pidure  confufed. 

Other  phenomena  of  lenfes  will  be  confi-  • 
dered  in  the  courfe  of  thefe  Ledures,  which  can- 
not be  fo  well  treated  of  till  I have  explained  the 
nature  of  vifion.  You  now  begin  to  be  acquainted 
with  the  properties  of  another  fubtil  agent,  whofe 
particles  are  immenfely  minute,*  whofe  progrefs 
IS  aftonifhingly  rapid,  whofe  power  and  influence 
is  beyond  comprehenfion,  maintaining  an  inter- 
courfe  between  fyflems,  and  difi'ufing  numberlefs 
bleflings  in  it’s  progrefs. 

*.  You  have  feen  that  a body,  fit  to  refled  light  - 
and  exhibit  colours,  when  placed  in  the  light,  not  - 
only  returns  the  rays  of  light  that  fall  upon  it,  to 
' ' ' ^ the 
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the  luminous  body  by  which  it  was  enlightened, 
but  fends  the  pidure  of  itfelf  quite  round  the  he- 
mifphere  in  all  diredions,  and  to  every  point.  Place 
a thoufand,  a million  of  fuch  bodies  near  each  other, 
each  performs  the  fame  operation  ; the  rays  of  light 
and  their  colours  come  inflantaneous  to  the  fpec- 
tator’s  eye  from  each,  without  being  difturbed  or 
diverted  in  their  paffage  by  the  numbcrlefs  rays  re- 
turned in  different  diredions  by  other  contiguous 
bodies.  You  have  feen  the  vehemence  with  v hich 
this  agent,  whofc  parts  are  fo  wonderfully  minute, 
ads  "when  it’s  rays  are  colleded  by  the  burning-glafs ; 
that  no  terredrial  fubhance  was  capable  of  with- 
ffanding  it’s  effeds  without  being  dedroyed,  or 
decompofed.  Some  of  the  effeds  produced  by  glaffcs 
of  different  figures,  have  been  explained  to  you. 
You  have  alfo  feen  objeds  feemingly  fufpended  in 
the  air,  where  nothing  was  to  .be  found  that  was 
fenfible  to  the  touch.  In  the  camera  obfeura,  you 
faw  nature  draw  her  own  pibhire  inverted,  and  in 
miniature  : you  faw  a pidure  painted  in  a moment 
w’ith  a beauty,  a vivacity,  and  fpftnef§  of  colours, 
that  would  make  a landfcape  drawn  by  the  firfi:  ar- 
tifts  appear  faint  and  languid:  the  pidure  of  the 
'oamera  was  animated,  the  trees  were  agitated  by 
the  wdnds,  the  flocks  bounded  upon  the  lawn,  and 
the  fun-beams  played  upon  the  water : and  you  learnt 
that  all  thefe  feenes  depended  upon  the  refra^iion 
of  the  rays  of  light,  and  were  m.ade  acquainted 
with  the  laws  of  this  refradion.  In  the  xviith  Lec- 
ture you  will  fee  thefe  laws  applied  to  explain  the 
nature  of  vifion. 

I cannot  finiih  this  I.edure  without  pointing 
out  to  you  the  analogy  between  the  light  of  revela- 
tion, and  the  light  of  the  heavens  the  fimilitude. 
is  fuch,  that  the  language  belonging  to  one  may 

with 
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with  great  propriety  be  transferred  to  the  otlier. 
As  the  firjl  knozvledge  of  religion  was  revealed  by 
God  ; fo  the  jir/}  material  light  was  created  by  hirr. 
God,  who  alone  is  the  living  light  of  fpirit,  foul, 
and  fentiment ; the  perpetual  Ibuntain  of  every 
flream  of  beauty  and  truth;  he  faid.  Let  there  be 
LIGHT;  and  inftantly  the  internity  of  his  ever-living 
light  kindled  up  an  externity  of  corporeal  irradia- 
tion, that  has  it’s  effluence  from  him,  and  cannot 
beam  but  by  him. 

Though  the  folar  light  is  perpetually  fliining 
forth,  it  falls  very  unequally  on  the  world:  in  fome 
places  the  day  is  equal  to  months,  in  others  it’s  du- 
ration is  only  that  of  a few  hours.  It  comes  pure 
from  it’s  fource,  but  often  meets  with  a foul  at- 
mofphere  in  it’s  courfe  that  obfeures  it,  and  changes 
it’s  diredlion.  It  fflews  manv  things  different  from 
what  they  are,  but  never  mifleads  any  one.  It 
fhines  indifferently  on  all  objcv^ts,  is  totally  rejedled 
by  fome,  tranfmitted  by  others,  bent  and  diitortedby 
a third  kind,  and  ufefully  imbibed-  by  a fourth.  It 
is  the  means  of  the  knowledge  of  many  things,  yet 
it’s  own  nature  is  but  little  known.  It  enlightens 
and  enlivens  the  world,  aijd  promotes  the  vegeta- 
tion of  poifon  as  well  as  of  wholefome  food. 

Is  not  all  this  equally  true  of  the  light  of  reve- 
lation, as  of  material  light?  They  that  cenfure  the 
one,  may  find  pretences  equally  ffrong  to  traduce 
the  other ; and  w'hatever  objeeftions  the  infidel 
points  againff  the  feriptures,  will  be  found  to  ap- 
ply equally  ffrong  againff  the  manifeffation  of  God 
in  the  vifible  courfe  of  nature. 


LFXTURE 
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LECTURE  XVI. 


Of  Catoptrics. 


FTER  having  explained  to  you,  as  concife'Iy 


as  I am  able,  the  laws  of  refraction,  and  the 
effedl  produced  by  thefe  laws ; I fliall  proceed 
to  explain  the  dodfrine  of  catoptrics^  or  that  part 
of  optics  which  treats  of  the  rejie^lion  of  light.  You 
will  here,  aniong  other  things,  learn  how  the  figure 
of  a man  fix  feet  high  is  feen  in  a glafs  mirror  not 
above  three  feet ; how  in  a convex  mirror  figures 
are  reduced  to  a Lilliputian  fize,  and  in  a concave 
fnirror  expanded  to  a gigantic  fize ; wonders  that 
the  curious  would  wifii  to  comprehend,  and  the  in- 
'experienced  to  examine. 

‘ Before  Newton  publiflied  his  difeoveries  con- 
cerning,the  nature  and  properties  of  light,  it  was 
a principle  generally  received,  that  the  rays  of  light 
were  reflected,  as  other  bodies,  by  firiking  on  their 
folid  and  impervious  parts,  as  you  fee  a marble 
bound  when  ftruck  upon  the  pavement.  Newton 
taught  mankind,  that  the  particles  of  light  are 
turned  back  before  they  touch  the  reflecting  body, 
by  fome  power  is  equally  ^iffufed  all  over 

the  furface  of  the  body. 

If,  fays  he,  the  rays  of  light  were  refledled  by 
impinging  on  the  folid  parts  of  bodies,  their  re- 
flections from  folid  bodies  could  not  be  fo  regular 
as  they  arc ; for  however  polilhed  the  fmootheft 
object:  may  feem  to  our  fight  and  touch,  yet  it  is 
in  fact  one  continued  affemblage  of  inequalities. 
For  in  polifliing  glafs  with  fand,  putty,  or  tripoly, 
it  is  not  to  be  imagined,  that  thofe  fubfiances  can 
by  grating  and  fretting  the  glafs  bring  all  it- s Icall 
particles  to  an  accurate  polilh,  fo  that  all  their  fur- 
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faces  fliall  be  truly  plane,  or  truly  fpherical,  and 
look  all  the  fame  "way,  or  compofe  one  even  fur- 
face.  The  fmaller  the  particles  arc,  the  fmaller 
will  be  the  fcratchcs  by  which  they  continually 
wear  away  the  glafs  until  it  be  polifhedj  but  be 
they  ever  fo  final  1,  they  can  wear  away  the  glafs 
no-otherwife  than  by  grating  and  fcratching,  and 
breaking  the  protuberances,  and  therefore  polifh 
it  no  otherwife  than  by  bringing  it’s  roughnefs  to 
a very  fine  grain,  fo  that  the  fcratches  and  frettings 
of  the  furface  become  too  fmall  to  be  vifible.  From 
fuch  a furface  it  cannot  be  fuppofed,  that  rays  will 
be  refled;ed  with  fuch  uniformity  as  we  ufually  ob- 
ferve  : on  the  contrary  it  is  highly  probable,  that  if 
light  wore  refle(^led  by  impinging  on  the  folid  parts 
of  glafs,  it  would  be  fcattered  as  much  by  the  moft 
polifhed,  as  by  the  roughefl:  furface. 

It  is  therefore  a proble^Hy  how  glafs  poliflied 
by  fretting  fubllances,  can  reflcdl  light  in  fo  regu- 
lar a manner ; and  this  problem  is  fcarce  otherwife 
to  be  folved,  -than  by  faying  that  the  refledion  of 
a ray  is  not  efl'eded  by  the  refleding  body,  but  by- 
fome  power  of  the  body  w hich  is  regularly  dilfufed  > 
all  over  it’s  furface,  and  by  which  it  ads  upon  the' 
ray  without  immediate  contad,  fo  that  it  is  re- 
fieded  before  it  arrives  at  the  furface. 

A ray  of  light  can  fall  but  tw'o  w^ays  upon  a 
mirror,  that  is,  either  perpendicularly  or  obliquely; 
and  experience  has  proved,  that  when  light  is  re- 
ceded, the  angle  of  reflection  is  always  equal  to  the 
angle  of  incidence.  Thus,  fuppofe  2ih,fig.  2^,  pi.  r, 
to  be  the  furface  of  a plane  mirror,  if  a ray  of  light 
fc  falls  perpendicularly  thereon,  it  is  reflected  in 
the  fame  diredion,  making  ftill  a right  angle  with 
the  mirror.  If  it  falls  in  an  oblique  diredion,  &c. 
it  is  refleded  in  the  diredion  c d,  making  with  the 
mirror  the  angle  of  refledion  deb  perfedly  equal 
to  the  angle  of  incidence  eca. 

VoL.  11.  Q 
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I fhall  prove  this  to  you  by  two  experiments' r* 
firfl,  I fhall  let  a ray  pafs  through  a hole  into  a dark, 
chambetjand  fall  obliquely  upon  a plane  mifror 
you  will  find,  that  at  equal  diftances  from  the  point 
of  refle(flion,  the  incident>and  refieded  ray  will  be 
the  fame  height  from  the  furface. 

It  is  more  accurately  proved  by  the  brafs  cir- 
cle ufed  before,  jig.  5,  y?/.  2.  1 place  the  two  radii 

at  equal  angles  from  the  diameter:  noW'  if  you  look 
through  the  hole  or  fight  down  upon  the  center  of 
the  mirror,  you  will  fee  the  point  of  the  other  radii ; 
which  proves,  that  the  ray  which  comes  from  that 
point  is  refled:ed  from  the  center  of  the  mirror  to- 
the  eye,  in  the  fame  angle  in  which  it  fell  on  the 
mirror. 

This  axiom,  that  the  angle  of  y’efleBion  is  always 
equal  to  the  angle  of  incidence,  holds  good  in  every 
cafe  of  refledlion,  whether  from  plane  or  fphericaL 
furfaces,  and  that  whether  they  arc  convex  or  con- 
cave. 

All  reflexion  is  reciprocal.  If  the  ray  ec^  after 
it  has  been  refledled  in  the  line  dc,  is  turned  back 
again  in  that  diredfioh,  it  will  be  refiedfed  into  e c; 
therefore  if  deb  is  the  angle  of  incidence,  eac 
will  be  the  angle  of  refledtion;  and  e c a be 
the  angle  of  incidence,,  d c b will  be  the  angle  of 
Tefledlion. 

This  general  lav/,  that  the  angle  of  incidence  is 
always  equal  to  the  angle  of  reflediion,  is  the  founda^ 
tion  of  all  catoptrics,  and  is  fufficient  for  demon-’^ 
ftrating  all  the  phenomena  thereof:  other  laws  are 
only  confequences  deducible  from  this  principle,, 
or  applications  thereof  to  particular  effedts. 

With  refledted  as  with  refradled  rays,  it  is  ne- 
cefTary  that  fcveral  rays  Ihould  adt  at  the  fame  time,, 
in  order  to  make  an  imprelhon  on  our  eyes  ; thefe 
Vavs'maybe  difpofed  dilfercntly  with  refped  to  each. 

other; 
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other  ; they  may  he  either  parallel-  cOnverr^ent,  or 
divergent;  and  the  rurfacc  on  which  they  fall,  may 
be  cither  plane,  convex,  or  concave.  Each  of  thefc 
circumdances  w e lliall  confidcr  feparately. 

1.  Parallel  rays  falling  upon  a plane  mir’ror  are 
parallel  after  refle^lion. 

The  parallel  rays  d b,  c a,  fg,  i,  pj.  5,  are  re- 
flected from  the  furtace  a b to  h and  k,  making  the 
angle  of  reflection  i b h equal  to  the  angle  of  inci- 
dence f bd,  and  the  angle  of  reflec^Hon'^ga  k equal 
to  that  of  incidence  eac  ; and  confequently  from 
the  principle  of  geometry  the  two  rays  db,  ea, 
are  parallel  after  refleeftion. 

This  may  be  proved  alfo  by  letting  two  parallel 
rays  (in  a dark  chamber)  fall  upon  a mirror;  and 
you  will  find  that  they  retain  their  parallelifm  after 
reflection  in  every  inclination  of  the  mirror. 

2.  IVben  incident  diverging  rays  are  reflected 
from  a plane  mirror. 

The  diverging  rays  d b,  c a,  jig.  2,  pi.  5,  are 
reflected  to  h and  k,  and  have  the  fame  degree  of 
divergence  at  F as  they  would  have  had  at  E.  If 
they  had  gone  on  in  their  firfi;  direction,  the  points 
at  F and  F are  equally  diftant  from  the  points  of 
contact  a and  b ; therefore  the  divergence  of  the 
rays  ts  the  fame  after  reflediion  as  before. 

3.  IdPhen  incident  converging  rays  falling  upon 
a plane  mirror  are  reflected  therefrom. 

The  converging  rays  d b.  c a.  fig.  3,  pi.  , if 
the  mirror  were  not  interpofed,  would  meet  at  E 
but  are  fo  refleded  from  a and  b,  as  to  make  the  an- 
g es  of  reflection  g b k,  e a h,  equal  to  their  refpec- 
tive  angles  of  incidence  fbd,  eac,  and  unite  in  F 
a point  at  the  fame  difiance  from  a and  b as  tfie 
point  E;  their  convergence  after  refledtion  is  there^ 
fore  the  fame  as  before  it. 

•11  Pj  a (onvex  furface.  and  you 

Will  find,  ^ 

q 2 
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1.  ^hat  parallel  rays  falling  upon  a convex: 
Jurface  are  rendered  diverging  by  reflection, 

2.  That  converging  rays^  when  reflected  from  a 
convex  furfacey  become  lefs  convergent y and  may 
be  rendered  parallel,  or  even  diverging,  according  to 
the  degree  of  convexity  of  the  refledfing  furface. 

3.  Divergent  rays  are  rendered  more  diverging, 
fo  that  a convex  furface  always  tends  to  fcattcr  the 
rays  by  diminiihing  their  convergence,  and  incrcaf- 
ing  their  divergence. 

. As  every  curved  furface  may  be  confidered  as 
formed  of  an  infinite  number  of  fmall  firait  lines, 
which  conftitute  the  elements  thereof ; I ihall,  to 
render  this  fubjeef  more  clear,  reprefent  a convex 
furface  by  two  flrait  lines  inclined  to  each 
other:  by  thus  making  the  elements  confpicu- 
ous,  you  will  more  readily  comprehend  why  the 
rays  of  light,  when  refledled  from  a convex  furface, 
take  a dilferent  dire8ion  from  what  they  had 
when  they  fell  upon  the  mirror. 

l.et  h6y  fig.  4,  pi.  5,  reprefent  a convex  mir- 
ror, and  ab,  c d,  parallel  rays  falling  thereon;  and 
becaufe  the  angles  of  refledlion  c b f,  h d i,  are 
always  equal,  the  rays  are,  as  you  fee  by  the  figure, 
rendered  diverging,  and  proceed  to  e and  h. 

In  the  fame  manner  the  converging  rays  ab, 
c d,  fig.  5,  pi.  5,  which  if  the  mirror  b d w’cre  not 
interpofed  would  unite  in  m,  have  their  diredion 
'fo  changed  by  refledion,  that  they  proceed  to  and 
unite  at  1,  much  further  from  the  points  of  con- 
tad  band  d,  than  the  point  m ; and  you  mufl  per- 
ceive from  the  figure,  that  the  inclination  of  the 
two  elements  bd,  may  be  fo  increafed  as  to  render 
them  parallel,  or  even  diverging. 

Thus  the  rays  ab,  cd,  fig.  6,  pi.  5,  which 
without  the  interpofition  of  the  mirror  would  di- 
verge but  very  little  at  m,  are  thereby  rendered 
more  diverging;  fo  that  they  are  much  further 

' apart  at  than  at  m.  ^ , 

2 We 
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We  have  now  only  to  confider  the  dircdlion 
of  rays  of  lis^ht  when  reflcdcd  from  a concave  fur- 
face  ; and  here  you  will  find, 

I.  That  parallel  rays  are  by  reflexion  made 


converging. 

2.  That  converging  rays  become  more  converr- 


gent. 

3.  That  diverging  rays  become  lefs  divergent, 

A view  of  the  diagrams  is  fufficient  to  prove 
the  truth  of  thefe  propofitions. 

Let  bd,  fig.  7,  pi.  5,  rcprefent  a concave  mir- 
ror ; the  rays  a b,  c d,  which  were  parallel  before 
refledlion,  are  by  the  laws  thereof  made  to  con- 
verge in  1. 

The  rays  a b,  c d,  fig.  8,  pi.  7,  which,  without 
the  interposition  of  the  mirror,  would  unite  at  m, 
are  thereby  fo  refleded  as  to  meet  at  1,  nearer  the 
points  of  contad  bd  than  m. 

LafHy,  the  rays  a b and  c d,  fig.  9,  pi.  5, 
which  before  refledion  were  divergent,  converge 
after  refledion  meeting  at  o. 

From  the  principles  thus  laid  down,  it  is  eafy 
to  fee  what  will  be  the  effed  of  mirrors,  and  to 
explain  the  principal  phenomena  which  they  oc- 
calion.  By  a mirror^  or  fpeculuniy  we,  in  general, 
mean  any  fubflance  whofe  furface  is  fufficiently 
poliflied  to  refled  uniformly  the  greater  part  of 
the  rays  which  fall  upon  it,  and  to  exhibit-  an 
image  of  the  objeds  placed  before  it.  They  are 
generally  divided  into  plain^  convex^  and  concave 
mirrors  : there  are  befides  thefe  conical  and  cylin^ 
drical,  pyramidical  and  prijmaiical  mirrors. 


Of  Plane  Mirrors. 

• t 

It  will  be  necelTary  here  to  remind  you  of 
what  has  been  already  mentioned ; namely,  that 
a penoil  of  rays  emanating  from  any  given  point,  of 

'Q  3 . ipaccj> 


2;-50  Lectures  on  Natural  Pjiilosoph'7. 

fpace,  is  the  means  by  which  the  fight  affures  us, 
that  a body  exifts  at  or  in  that  point  ; it  is  plain, 
rheretbre,  that  we  are  liable  to  deception  in  that 
rdpeeft  ; for  if  the  pencil  be  fo  alfedled  by  rc- 
llcCtion  (or  refraclionj  as  to  proceed  \vith  differ- 
ent divergency  or  diredfion,  that  is,  in  the  fame 
direction  as  it  would  have  proceeded  if  coming 
from  fome  other  point,  the  fenfe  will  refer  the 
place  of  the  objedf  to  the  point,  which  is  in  the 
diredlion  of  the  laft  courfe  of  the  rays. 

In  a plane  mirror  a b,  jig.  lo,  pL  5,  the 
image  of  an  objedl  c appears  to  an  eye  at  e,  be- 
hind the  mirror  in  the  direefion  e g,  and  always 
in  the  interfection  g,  of  the  perpendicular  c g,  and 
the  reficdled  ray  e g,  and  confequently  gt  g,  as  far 
behind  the  mirror  as  the  .objebt  c is  b.efore  it. 
We  therefore  fee  the  image  in  the  fame  placc^ 
wherefoever  the  reflected  ray  be  by  which  it  is  per- 
ceived ; for  as  a plane  n'lirror  docs  not  alter  the 
relative  pofition  of  the  rays  which  fall  on  it,  the 
diverging  rays  proceeding  from  c,  are  refledled 
towards  theeye.e,  by  the  mirror  a b,  with  the  fame 
degree  of  divergence,  and  have  their  imaginary 
point  of  union  g at  the  fame  diflance  behind  the 
mirror  that'  c is  before  it. 

For  the  fame  reafon  a plane  mirror  docs  not 
change,  or  alter  the  figure  or  fize  of  objeffs  ; but 
the  whole  image  is  equal  and  fimilar  to  the  whole 
objccl:,  and  has  a like  fituation  with  refpetd  to  one 
fide  of  the  plane  that  the  objecl  has  with  refpecfc 
to  the  other;  for  the  converging  rays  Km,  Ln, 
II,  pi.  5,  proceeding  from  the  extremities  of 
the  objed  K L,  and  falling  upon  the  mirror  a b, 
arc  refieded  towards  the  C)C  e with  the  fime  de- 
gree of  convergence,  and  confequently  fnew  the 
image  kl  under  an  angle  equal  to  that  by  which 
the  objed  would  be  feen  from  the  point  i,  if  the 
jni’Tor  were  not  interpofcd. 


From 
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From  what  has  been  explained,  it  follows, 
That  if  an  objed:  K L is  inclined  to  a plane  mirror, 
it’s  image  k 1 w'ill  be  inclined  thereto  in  a con- 
;trary  diredion. 

If  an  objed  A 12,  pi.  5,  be  placed  pa- 

•rallcl  to  a plane  mirror  C D,  and  at  the  fame  dif- 
tance  therefrom  as  the  eye  o ; the  part  of  the 
mirror  C D,  on  which  the  rays  AC,  B D,  from 
the  objed  fall,  which  are  refleded  to  the  eye,  will 
be  one  half  the  dength  of  A B.  For  the  image 
'being  as  far  behind  the  glafs  as  the  objed  is  before 
•it,  the  rays  O G,  O H,  are  each  divided  at  the  mid- 
dle of  the  mirror  C D,  ancr  confequently  where  they 
only  fpread  half  as  much,  as  they  would  do  at  double 
the  diltance.  Therefore  to  fee  the  whole  of  an  objed 
dn  a mirror,  the  length  and  breadth  of  the  mirror 
mull  be  half  the  length  and  breadth  of  the  objed. 
Hence  if  the  length  and  breadth  of  an  objed  be 
.given,  it  is  eafy  to  determine  the  hze  of  a mirror 
that  will  flrew  the  whole  of  an  objed  when  placed 
at  the  fame  diftance  therefrom  as  the  eye. 

Hence  a perfon  viewing  himfelf  in  a plane 
looking-glafs,  placed  upright;,  'Will  fee  his  image 
complete  in  a part  .of  the  glafs,  whofe  length  and 
breadth  is  equal  to  half  the  length  and  breadth  of 
the  correfponding  parts  of  his  ovv^n  body ; and  this 
will  be  always  the  cafe  at  whatever  .diltance  he 
Bands  from  the  glafs. 

A fpedator  will  fee  his  own  image  as  far  be- 
yond the  fpeculum  as  he  is  before  it;  and  as  he 
moves  to  or  from  the  fpeculum,  the  image  will,  at 
the  fame  time,  move  towards  or  from  him  on 
the  other  Bde  ; but  apparently  with  a double  ve- 
locity, becaufe  the  tw’o  motions  are  equal  and  con- 
trary. In  like  manner,  if,  while  the  fpedator  is 
at  reB,  an  objed  be  in  motion,  it’s  image  behind 
the  fpeculum  will  be  feen  to  move  at  the  fame 
rate.  And  if  the  fpedator  moves,  the  images  of 
objeds  that  arc  at.rcB  will  appear  to  approach,  or 

Q 4 recede 
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recede  from  him,  after  the  fame  manner  as  when 
he  moves  towards  real  objedhs  • plane  mirrors  re- 
fledling  not  only  the  objedt,  but  tbe  diftance  alfo^ 
and  that  exadtly’in  it’s  natural  dimenfions. 

One  principle  is  fufficient  for  explaining,  with 
facility,  the  phenomena  of  objects  feen  in  a plane 
mirror.  It  is  this;  ^hat  the  image  of  an  ohje^, 
Jeen  in  a plane  mirror^  is  always  in  a perpendicular 
to  the  mirror  joining  the  ohje^  and  the  image  ; and 
that  the  image  is  as  mitch  on  one  Jide  the  mirror  as 
the  object  is  on  the  other.  With  the  afliflance  of 
this  principle  and  a little  geometry,  you  may  rea- 
dily folve  the  principal  queftions  that  can  be  pro- 
pofed  on  this  fubjeft. 

The  celebrated  Archimedes,  at  the  fiege  of 
Syracufe,  is  faid  to  have  dellroyed  the  fliips  of 
Marcellus,  by  a machine  compofed  of  fpeculums. 
Since  a plane  fpeculum,  in  theory,  reflcdls  all  the 
light,  which  is  incident  under  the  fame  affedtions 
With  which  it  was  incident,  the  rays  of  the  fun 
coming  from,  a vaftly  didant  objedt  may  be  con'- 
fidered  as  parallel,  and  will  be  rehedled  parallel  to 
each  other,  and  confequently  will  heat  and  illu- 
iininate  any  fubftance  in  the  lame  manner  as  if  the 
fun  Atone  upon  it.  l\vo  fpeculums,  wTich  refiecT: 
the  light  ori  the  fame  fubftance,  will  heat  it  twdee 
as  much  as  the  fun’s  diredl  light.  Three  will 
heat  jt’  three  times  as  much ; and  by  increafing 
the  number  of  fpeculums,  a prodigious  degree  of 
heat  may  be  produced. 

Though  a plane  fpeculum  is  fuppofed,  in 
theory,  to  refiedt  all  the  'light  which  falls  upon  it, 
yet  in  pradtice  almoji  half  the  light  is  on  ac- 
count of’ the  inaccuracy  of  the  poliAt,  and  the 
w^ant  of  perfect  opacity  in  the  fdbAance  of  the 
'mirror.  Notw  ithAanding  this,  M.  BuAbn,  in 
/1747,  conArudlcd  a burning  machine  of  this  kindi 
It  confiAed  of  168  plane  mirrors,  each  8 inches 
long,  and  6 broad,  fo  contrived  that  the  focal  dif- 
tance 
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tance  might  be  varied,  and  alfo  the  number  of 
glalTes,  as  occalion  required.  In  the  month  of 
March,  1747,  with  40  glafles  he  burnt  a plank  at 
the  diftance  of  about  70  feet. 

Of  Convex  Mirrors.  - 

Convex  mirrors  fpread  or  diverge  refledled 
rays;  they  rerkder  parallel  rays  diverging ; they 
diminilh  the  convergence  of  converging  rays ; in 
fome  cafes  they  render  them  parallel,  and  even 
divergent. 

Let  us  fuppofe  an  obje6l  de,  77^.  13,  -pi.  5, 
placed  before  a convex  mirror  a b.  Of  the  two 
cones  of  rays  proceeding  from  the  extremities  of 
the  objed:,  the  rays  d p,  and  e p,  which  if  the 
mirror  were  not  interpofed  would  proceed  to  and 
unite  at  p,  are  refleded  lefs  converging  on  the 
line  f g ; the  rays  d k,  e 1,  which  would  have  con- 
verged at  m,  are  refleded  parallel;  the  two  rays 
d h,  and  e i,  which  would  have  met  at  c the 
center  of  convexity,  are  refleded  back  on  them- 
felves,  becaufe  of  the  perpendicularity  of  their  in- 
cidence ; they  are,  however,  diverging  ; and  all 
the  rays  proceeding  from  points  beyond  the  two 
Jafl  will  be  refleded  more  diverging. 

In  convex  mirrors^  as  well  as  thofe  that  are 
plane,  the  image  always  appears  ered,  and  be- 
hind the  refleding  furface,  but  differs  from  it  in 
other  refpeds ; for,  i.  ^he  image ^ in  a convex  mir- 
ror y is  alzvays /mailer  than  the  obje£ly  and  the  dimi- 
nution is  greater  in  proportion  as  the  objed  is 
further  from  the  mirror.  This  will  appear  clear 
to  you  on  refleding  on  the  properties  of  a refled- 
ing convex  furface,  that  incident  converging  rays 
are  thereby  rendered  lefs  convergent : thus  let 
C D,  fig.  14,  pi.  5,  be  an  objed  placed  before  a 
.convex  mirjor  ab,  two  rays  Ce,  Dd,  proceeding 

from 
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^rom  ,tho  .extremities  of  the  objed^  thefe,  if  tHe 
miirror  were  not  interpofed,  would  converge  at  f:; 
jbut  are  reticcled  by  the  mirror  lefs  converging,  fo 
as  to  meet  at  i,  thus  forming  a more  acute  angle; 
the  objed  appears  fmaller  than  it  would  have  done 
if  it  had  been  viewed  from  the  point  f.  2.  The 
image  daes  not  appear  Jo  far  behind  the  reflebling 
Jnrface  as  in  a plane  mirror.  Let  Gy  fig,  15,  pi. 
be  a point  of  any  objed,  from  whence  a diverging 
cone  of  rays  proceeds,  and  tails  upon  the  mirrors  ; 
^thefe  rays  are  reiiecled  more  diverging,  and  have 
confequendy  their  imaginary  focus,  or  point  of 
union  g,  much  nearer,  hy  which  means  the  image 
appears  to  be  .nearer  the  refleding  furface  than  the 
objed ; and  this  effed  increafes  in  proportion  to 
the  convexity  of  the  mirror.  Concave  mirrors 
have  a real  focus,  convex  mirrors  only  a virtual 
focus,  and  this  focus  is  behind  the  mirror,  didant 
therefrom  half  the  radius  of  it’s  convexity. 

The  image  of  a ftrait  objed,  not  too  fmall,' 
,and  placed  parallel  or  oblique  to  the  mirror,  is 
feen  curved  in  the  mirror,  becaufc  the  different 
points  of  the  objed  are  not  aU  at  an  equal  diflance 
t'rom  the  furface  of  the  mirror.  The  point  o,  fig,  14, 
5.  for  example,  of  the  objed  d e is  nearer  than  the 
reft  to  the  furface  of  the  mirror,  the  extreme  points 
d c are  more  diftant ; they  will  of  confequcnce 
be  reprefented  behind  the  mirror,  at  diftances 
proportional  to  thofe  at  which  they  are  placj^d 
before,  whence  it  becomes  bent  or  curved. 

Of  Concave  Mirrors. 

I have  already  fhewn  you,  that  it  is  the  pro- 
perty of  concave  mirrors  to  colled  the  rays  of 
light  they  rcflcd,  converging  parallel  rays,  in- 
crec-dng  the  convergence  of  thofe  that  are  already 
converging,  diminiihing  the  divergence  of  di- 
verging 
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-verging  rays,  in  Tome  cafes  rendering  them  paraL 
iel,  and 'even  convergent.  Thefe  cffecls  arc  all 
proportion  to  the  concavity  of  the  mirror. 

The  point  where  the  rays  unite  is  called  the 
focus  of  the  mirror  ; but  this  focus  is  not  the  fame 
'for  all  kinds  of  incident  rays.  Parallel  rays  a b, 
d e,  falling  upon  a concave  mirror  mo,  arc  re- 
flcdled  fo  as  to  unite  at  F,  fg,  16,  pi.  5,  which 
point  is  diflant  from  it’s  furface  ^ of  the  diameter 
of  the  fphere  of  the  mirror,*  this  point  is  called 
the  focus  of  parallel  rays,  or  true  focus  of  the  mir- 
ror. Converging  rays,  fuch  as  f g,  hi,  are  reflect- 
ed more  converging,  and  unite  at  K,  between  the 
focus  of  parallel  rays  and  the  mirror.  Laflly,  di- 
verging rays  proceeding  from  a point  further  from 
the  mirror  than  the  true  focal  point,  as  Rm_, 
R o,  are  refledled  converging,  and  meet  at  a point 
P,  further  from  the  mirror  than  the  focal  point 
of  parallel  rays.  But  if  the  point  K,  from  which 
the  diverging  rays  proceed,  is  nearer  the  mirror 
than  the  point  E,  they  are  diverging;  that  at  g 
w'ould  proceed  to  f,  and  that  at  i towards  h. 

The  focus  therefore  of  parallel  rays  is  at  one 
fourth  the  diameter  of  the  fphericity  of  the  mirror* 
The  focus  of  converging  rays  is  nearer  the  miiTor 
than  that  of  parallel  rays ; but  the  focus  of  diverg- 
ing rays  is  more  diflant. 

Plane  and  convex  mirrors  exhibit  their 
images  as  if  behind  the  mirror  and  eredt  The 
eflefttof  concave  mirrors  is  different;  they  only  fhew 
the  image  behind  the  mirror  and  eredl,  when  the 
object  is  placed  between  the  mirror  and  the  focus  of 
parallel  rays,  and  then  the  image  is  larger  than  the 
objedt.  Let  A ^ jig.  17, />/.  5,  be  an  object  placed 
before  a concave  mirror  E F,  but  nearer  than  the 
focus  of  parallel  rays  : the  two  rays  A e,  B f,  from 
the  extremities  oftheobjedt,  if  the  mirror  were  not 
intei poled,  would  converge  in  d;  but  are  refledted 

more 
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more  converging,  and  unite  at  D,  and  there  form  a 
larger  angle,  and  of  courfe  exhibit  the  image  a b 
larger  than  the  obje(5l. 

I'his  image  appears  further  from  the  back-fide 
of  the  mirror  than  the  objed  does  from  the  fore- 
fide.  Let  A,  fig.  1 8,  pL  5,  be  a point  of  any  objed 
placed  nearer  the  mirror  than  it’s  focus,  and  from 
^vhich  ,a  cone  of  diverging  rays  proceeds;  thefe 
•will  be  refleded  lefs  diverging,  and  therefore  have 
theiy  imaginary  focus  a further  off,  and  confe- 
quently  the  image  will  feem  at  a greater  diftance 
behind  the  mirror,  than  the  objed  is  from  the 
front  of  it. 

But  if  the  objed  be  further  from  the  mirror 
than  F,  for  example,  at  e,  fig.  1 8,  pi.  5,  the  rays 
e b,  e d,  diverging  but  little,  are  refleded  conver- 
gent, and  exhibit  the  image  at  E;  fo  that  if  the  eye 
o recedes  far  enough  to  receive  the  diverging  rays 
from  E,  it  will  perceive  the  image  at  E between 
itfelf  and  the  mirror.  The  yeafon  is  plain;  every 
enlightened  point  of  an  objed  becomes  vifible  by 
means  ol  a cone  of  diverging  rays  proceeding  there- 
from; we  ceafe  to  fee  it  if  the  rays  become  parallel 
.or  converging,  which  happens  when  the  objed  is 
further  from  the  mirror  than  it’s  focal  point  F;  the 
eye  therefore  mufl:  recede,  till  the  rays,  having 
croffed,  become  divergent. 

This  image  is  always  inverted,  as  ba,  the  image 
of  5 5 cannot  fee  the  whole 

of  an  objed  A B,  unlefs  diverging  rays  from  it’s  ex- 
tremities fall  upon  the  eye;  and  this  cannot  in  the 
prefent  inflance  take  place  till  after  thefe  rays  have 
croffed  between  the  obje,d  and  mirror,  by  which  of 
courfe  they  are  inverted. 

I fhall  endeavour  to  illuflrate  further,  bya  dia- 
gram,  the  theory  of  the  foci  of  rays  refleded  by 
aipherical  fpeculum.  Through  the  center  O of  the 
fpeculum  hi  fig:  5,  ph  6,  draw  an  indefinite  line 

B Dj 
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BD;  blfe(5l  O A in  F;  from  the  points  O and  A, 
divide  the  lines  OB,  AD,  into  parts  each  equal  to 
OF  or  FA,  marked  by  the  figures  i,  2,3,  4,  5,  &c. 
And  from  F,  take  on  each  fide  F i,  Fi,  Fy,  FL 
bcc.  each  equal  to  the  whole,  or  L i,  &c.  of  FO, 
FA.  Now,  if  in  the  line  OB,  the  point  i or  2,  3,4, 
&:c.  be  the  focus  of  incident  rays,  the  correfpondent 
point  I,  or  Y,  t,  L ^c.  in  the  line  O F,  will  be  the 
focus  of  the  refledled  rays.  And  vice  verfa,  if  the 
lafl:  be  the  foci  of  incidence,  the  former  v/ill  be  the 
foci  after  refledlion.  In  like  manner,  if  1,2,  3,  4, 
&c.  in  the  line  AD  be  the  foci  of  incidence,  i,  y,  L 
i,  &c.  will  be  the  foci  of  refleciled  rays ; and  vice 
verfd : fo  that  the  focus  of  incidence  and  refiedlion 
unite  in  O and  A:  and  their  motions  from  O and  A 
towards  B and  F in  the  one  cafe,  and  towards  D and 
F in  the  other,  are  exactly  fimilar,  F being  the  focus 
of  parallel  rays  in  both  cafes. 

If  in  a dark  room  a lighted  candle  be  held  far- 
ther from  a concave  fpeculum  than  it’s  principal 
focus  F,  as  fuppofe.at  2,  it’s  image  will  be  feen 
diftind:,  but  inverted  upon  a white  paper,  held  at 
the  correfponding  po'int  y.  And  if  the  candle  be 
moved  to  or  from  the  fpeculum,  fo  as  to  retain  the 
diftind  image  thereof,  you  will  obtain  an  ocular 
proof  of  the  theory  of  the  foci  of  incident  and  re- 
fieded  rays ; w hen  the  candle  is  at  o,  the  paper  will 
be  there  alfo.  But  as  the  image  of  an  objeeft  be-, 
tween  F and  a concave  fpeculum,  or  any  w'l)cre  be- 
fore a convex  one,  is  on  the  other  fide  of  the  fpe- 
culum, in  either  cafe,  the  experiment  of  the  candle 
and  the  paper  cannot  take  place. 

The  appearance  of  the  image  in  the  air  be- 
tween the  mirror  and  the  objed,  has  been  produc- 
tive of  many  agreeable  deceptions,  which,  when  • 
exhibited  with  art  and  an  air  of  myllery,  have  been 
very  fuccefsful,  and  a fource  of  gain  to  many  of 
our  YiwhVic  Jbowmc7i,  I was  well  pleafed  at  one  of 

thefe 
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thefe  exhibitions,  by  a man  in  Bond-ftrect,  where  d 
death-head  and  other  objects  were  exhibited  in  this 
manner,  in  fuch  a way  as  to  furprize  the  ignorant/ 
and  yet  not  difguft  thofe  who  were  better  in- 
formed. 

If  you  place  yourfelf  before  this  concave  mir- 
ror, but  farther  from  it  than  the  focus,  you  will 
fee  an  inverted  image  of  yourfelf  in  the  air  be- 
tween you  and  the  mirror,  but  you  will  find  the 
image  of  a fmaller  fize  than  yourfelf.  If  you  hold 
out  your  hand  towards  the  mirror,  the  hand  of  the 
image  w ill  come  out  tow  ards  your  hand,  and  when 
at  the  center  of  concavity  be  of  an  equal  fize  with 
it ; and  you  may  fhake  hands  w ith  this  aerial 
image.  If  you  move  your  hand  farther,  you  will 
find  the  hand  of  the  image  pafs  by  your  hand,  and 
come  between  it  and  your  body;  if  you  move  your 
hand  tow-ards  either  fide,  the  hand  of  the  image  will  ' 
move  tow'ards  the  other,  the  image  moving  always 
contrariwife  to  the  obje<51.  All  this  v/hile,  thofe 
w'ho  are  by-flanders  fee  nothing  of  the  image,  be- 
caufe  none  of  the  refledfed  rays  that  form  it  enter 
their  eyes.  To  render  this  effeht  more  furprizing 
and  more  vivid,  the  mirror  is  often  concealed  in  a 
box. 

This  pleafing  and  fimple  experiment  has  been 
exhibited  as  an  illuftration  of  the  New^tonian  doc- 
trine of  fpace.  The  experiment  fhews,  that  by  an 
image  formed  in  the  air,  at  a certain  diftance  be- 
tween a concave  fpeculum  and  a perfon  looking: 
into  it,  ex tenjion  and become  an  o^je,^  offenje^ 
where  there  exilfs  neither  folidity  nor  fenfible  re- 
fiftance.  But  this  does  not  prove,  that  an  image 
can  be  formed  in  a vacuum,  in  empty  fpace,  or 
• w’here  there  is  no  matter,  unlefs  it  can  firft  be 
proved,  that  there  can  be  no  matter  where  we  are 
not  fenfible  of  refiftance.  For  pa  the  contrary,  it 
may  be  inferred  from  this  phenomenon,  that  thofe 

fpaces. 
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fpaces,  which  m a ibofe  and  incorredt  fenfe  wc  call 
empty t are  as*  full  of  matter  as  thofe  in  which  w^e 
find  the  moft  foiid  matter  : for  as  our  corporeal 
fenfes  can  be  only  affedted  by  matter,  they  arc  cer- 
tainly infallible  ftandards  for  determining  where 
matter  is;  fo  that  you  may  be  as  afllired  of  a full- 
nefs  of  matter,  where  you  fee  any  thing  though  you 
cannot  feel  it,  as  you  would  be  certain  there  was 
matter  where  yow  felt  it,  though  you  could  not  fee 
it,  or  though  it  were  of  the  nature  of  that  matter 
to  be  invifiblc.  All  kinds  of  refle^ed  images  fliew^ 
that  wherever  an?  objedl  can  be  formed  to  imprefs 
the  fenfes  of  light,  there  mull  be  as  great  a fullnefs 
of  matter  as  in  the  original  objedt,  from  whence  the 
image  was  carried  to  thofe  fpaces  where  it  is  again 
renewed. 

Mr.  Fergufon  mentions  tw’o  pleafing  experi- 
ments to  be  made  with  a concave  mirror,  which 
you  may  take  an  opportunity  of  trying  at  leifure. 
If  a fire  be  made  in  a large  room,  and  a fmooth 
mahogany  table  be  placed  at  a good  diflance  near 
the  wall,  before  a largf  concave  mirror,  fo  that  the 
light  of  the  fire  may  be  refledled  from  the  mirror 
to  it’s  focus  upon  the  table ; if  you  ftand  by  the 
table,  you  wdll  fee  nothing  but  a longifh  beam  of 
light ; but  if  you  ftand  at  fome  diftance,  as  towards 
the  fire,  you  wdll  fee  an  image  of  the  fire  on  th« 
table,  large  and  eredl : and  if  another  perfon,  who 
knows  nothing  of  the  matter  before  hand,  fhould 
chance  to  come  into  the  room,  he  would  be  ftartlcd 
at  the  appearance,  for  the  table  would  feem  to  be 
on  fire,  and  by  being  near  the  wainfeot,  endanger 
the  whole  houfe.  There  fliould  be  no  light  in  the 
room  but  what  proceeds  from  the  fire. 

If  the  fire  be  darkened  by  a fereen,  and  a large 
candle  be  placed  at  the  back  of  the  fereen,  a per. 
fon  Handing  by  the  candle  will  fee  the  appearance ' 
of  a fine  large  ftar  or  rather  planet  upon  the 
‘ ' 3 table. 
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table,  as  large  as  Venus  or  Jupiter ; and  if  a fmall 
wax  taper  be  placed  near  the  candle^  it  w ill  appear 
as  a fatellite  to  the  candle ; if  the  taper  be  moved 
round  the  candle,  the  fatellite  will  go  round  the 
planet.  Numerous  and  aftoni filing  are  the  pheno- 
mena that  may  be  produced  by  concave  mirrors : 
one  or  tw'o  more  I fliall  exhibit,  your  own  iiige^ 
nuity  will  enable  you  to  vary  them. 

. ; Stand  up  on  this  ftool,  and  tell  me  what  you 
fee  on  the  pot  near  the  partition.  A bunch  of 
flowers.  Put  out  your  hand,  and  lay  hold  of  them. 
They  have  evaded  your  endeavours,  and  you  find 
that  you  attempted  to  grafp  a fliadow.  The  fenfe  of 
fight  is  certainly  fubject  to  the  greateft  illufion,  and 
th  is  experiment  is  one  among  many  inffanges.  To 
explain  the  myftcry,  go  behind  the  partition,  and 
you-  w ill  hnd  that  I have  placed  a rnirror  exactly 
facing  the  hole  in  the  partition.  There  is  alfo  an 
Argand’s  lamp,  fo  placed  as  to  throw  a ftfong  light 
on  the  objeCf,  w ithout  throwing  one  on  the  mirror- 
The  bunch  of  flowers  is  lituated  beneath  the  aper- 
ture in  the  partition,  but  inverted  fo  as  to  receive 
the  light  from  the  lamp.  The  fpace  between  the 
back  part  of  the  partition  is  painted  black  to  pre- 
vent any  reflecfion  of  light  from  falling  on  the 
mirror.  The  refl:  is  exadUy  fimilar  to  what  you  have 
already  feen,  and  what  has  been  already  explained- 
Take  a glafs  bottle,  ftll  it  partly  wdth  w ater; 
and  cork  it  in  the  common  manner.;  pl^e.this 
bottle  oppofite  a concave  mirror,  and  beyond  it’s . 
focus  that  it  may  appear  reverfed;  then  plage  your-  . 
fclf  {fill  farther  djlbint  than  the  bottle,- and  it  wllL. 
be  feen  in  the  air  inverted,  and  the  w'ater  which  is 
adually  in  the  lower  part  of  the  bottle  w iM  appear 
Xo  be  in  the  upper.  . „ • v i . 

If  you  invert  the  bottle  while  before  pthe. 
mirror;>  the  image  will  appear  in  it’s  natural- erect 
pofltion,  and  the  water  will  appear  in  the  k>wer'- 
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part  of  the  bottle:  while  it  is  in  this  inverted  flate, 
uncork  the  bottle,  and  while  the  water  is  running 
out,  the  image  is  filling;  but  as  foon  as  the  bottle  is 
empty,  the  illufion  ccafes.  If  the  bottle  likewife 
be  quite  full,  there  is  no  illufion.  The  remarkable 
circumfiances  in  this  experiment  are,  i.  Not  onl/ 
to  fee  an  objebt  where  it  is  not,  but  alfo  where  it’s 
image  is  not,  2.  That  of  two  objedts  which  are 
really  ift  the  fame  place,  as  the  furface  of  the  bottle 
and  the  water  it  contains,  the  one  is  feen  in  one 
place,  the  other  in  another,  &c.  It  is  fuppofed 
that  this  illufion  arifes  partly  from  our  not  being 
accuftomed  to  fee  water  fuTpended  in  a bottle  wfith 
the  neck  downward,  and  partly  from  the  refem- 
blance  there  is  between  the  colour  of  air  and  the 
water. 

As  parallel  rays  which  fall  on  a concave 
mirror  are  refieded  fo  as  to  unite  at  a focus;  and  as 
the  fun  is  fo  remote,  that  the  rays  of  each  beam 
may  be  confidered  as  parallel,  they  will  converge  to 
the  principal  focus  of  the  mirror,  and  the  heat  pro- 
duced by  this  means  vvi\l  be  fufficient  to  fet  fire  to 
fuch  bodies  as  are  placed  before  the  mirror  at  the 
principal  focal  difiance,  that  is,  half  a femidiameter 
of  the  mirror’s  concavity.  The  different  degrees 
of  heat  at  the  focus  of  different  concave  mirrors,  is 
efiimated  in  the  fame  manner  as  we  have  already 
efiimated  the  power  at  the  focus  of  a convex  lens. 

^ The  ancients  made  ufc  of  concave  mirrors  to 
rekindle  the  vefial  fires.  Plutarch,  in  his  life  of 
Numa,  fays  that  the  infirum.ents  ufed  for  this  pur- 
pofe,  were  diflics,  which  were  placed  oppofite  to 
the  fun,  and  the  combufiible  matter  placed  in  the 
center,  by  which  it  is  probable  he  meant  the  focus* 

conceiving  that  to  be  at  the  center  of  the  mirror’s 
concavity. 

\ou  have,  no  doubt,  long  fince  perceived  that 
there  is  a great  refemblance  between  the  proper-^ 
ties  of  convex  Unfes  and  concave  jnirrors^  Convex 
VoL.  II.  R 
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lenfes  and  concave  mirrors  form  an  inverted  foca! 
'image  of  any  remote  objetl  by  the  convergence  of 
th'e  pencil  of  rays. 

Concave  lenfes  and  convex  mirrors  have  alfo 
confiderable  refemblance  in  their  properties;  they 
in  general  form  an  erec^  image  in  the  virtual  focus^ 
by  the  divergence  of  the  pencil  of  rays. 

In  thofe  inflruments,  as  telefcopes,  whofe  per- 
formances are  the  effects  of  refledlion,  the  concave 
mirror  is  fubftituted  in  the  place  of  the  convex 
lens,  and  the  convex  mirror  may  be  ufed  inftead 
bf  the  concave  lens  ; but  their  difpofitions  with  re- 
fpect  to  each  other  muff  necelfarily  differ  from 
.jthofe  of  lenfes,  on  account  of  the  opacity  of  the 
■one,  and  the  tranfparcncy  of  the  other. 

The  following  curious  experiments  by  Mr. 
King,*  are  too  important  to  be  paffed  over;  befides 
which,  they  have  an  intimate  relation  to  fomc  of  the 
fubjevfts  already  treated.  Mr.  K.  placed  a com- 
mon lizc  candle  at  the  diflance  of  fix  feet  from  a 
concave  glafs  mirror,  two  feet  and  an  half  in 
diameter;  and  at  the  diflance  of  feventeenfeet  three 
inches,  he  placed  a fccond  glafs  mirror,  two  feet 
diameter;  and  in  the  focus  of  this  glafs,  at  tw'o 
Tcet  fix  inches,  he  placed  the  bulb  of  a thermo- 
nieter,  graduated  with  Fahrenheit’s  fcale.  In  five 
minutes  thequickfilver  in  the  thermometer,  though 
at  25  feet  9 inches  from  the  candle,  rofe  8 degrees, 
namely,  from  60  to  68;  on  being  removed  from  the 
ib'ciLs,  Jt  fell  again  to  6.  I'hat  it *^5  rife  was  not 
bccalToncd  by  any  additional,  warmth  in  the  room 
was  certain,  becaufc  another  thermometer  which 
was  in  tlte  room  did  not  rife  at  all  in  the  interval. 
"iFc  alteration  of  the  height  of  the  quicklilvcr  was 
therefore  folcly  owing  to  the  concentration  and 
convergency  ot  the  rays  ol  the  light  of  the  candle 
at  the  locus. 

.-.V.-  r:  - . .... 

* Sec  Morfels  of  Criticifm,  by  E.  king,  Efij.  ■ . j 
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He  then  removed  the  candle,  and,  under  the 
fam^  circumflances,  placed  a little  wife  grate  4 
inches  in  diameter,  containing  3 pieces  of  lighted 
charcoal,  and  caufing  them  to  burn  bright  by!  bIo\y- 
ing  a common  pair  of  bellows,  the  thermometer 
was  again  placed  in  the  focus  ; in  fix  minutes  it 
rofe  19  degrees,  from  60  to  79,  although  the  heat 
of  the  room  was  no  way  increafed  by  the  experi- 
ment, as  it  was  very  large.  One  remarkable  cir- 
cumltaace  attended  this  experiment,;  which  was. 
that  there  was  very  fcnfibly  to  be  perceived  a fmall 
increafe  of  heat  the  whole  v^ay  from  the  furface  of 
the  fecond  mirror  to  the  focus  ; v/hereas  when  the 
rays  of  the  fun  are  made  ufe  of,  no  fuch  increafe  of 
heat  at  all  is  ever  perceived  within  the  conical 
convergency. 

After  making  fevcral  fimilar  experiments,  all 
'of  which  concurred  in  proving  that  the  effedt  was 
produced  by  the  rays  of  light  and  heat  from  "the 
'^ignited  bodies,  Mr.  K.  placed  a tea  urn  of  boil- 
ing water  in  the  place  of  the  charcoal,  at  the  dif- 
tance  of  6 feet  from  the  firlt  mirfor,  and  placing 
the  thermometer  in  the  focus  of  the  fecond  mirror, 
in  the  fpace  of  five  minutes  the  quickfilver  rofe 
one  degree,  which  was  even  more  than  could  be 
expedted  ; in  the  next  five  minutes,  the  thermome- 
ter advanced  one  degree  more,  and  yet  the  other 
thermometer  in  the  room  remained  Itationary;  in 
another  five  minutes,  the  Aeam  cooling,  the  ther- 
mometer began  to  defeend,  and  in  five  minutes 
more  the  quickfilver  fell  one  degree. 

The  refult  of  thefe  experiments  is  clear  and 
obvious:  That  fire  is  in  a degree  fubjeeff  to  the 
fame  kind  of  refiexibility  and  refrangibility  * with 
the  rays  of  light. 

R 2 If 

♦ For  a convex  lens  interpored  between  the  mirror  and  the 
^^ocus,  augrnemed  the  eft’ett  ot  heat. 
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If  a luiTiinous  body  be  placed  in  the  focus  of 
a concave  mirror,  it’s  rays  will  be  refiedicd  in  pa- 
rallel lines,  and  will  therefore  ftrongiy  enlighten, 
at  a great  diftance,  a fpace  of  the  fame  dimenlion 
with  the  mirror.  If  the  luminous  objed:  be  placed 
nearer  than  the  focus,  it’s  rays  will  diverge,  and 
Gonfequently  enlighten  a larger  fpace.  It  is  on  this 
principle  that  reverberators  are  conflrudled.  ‘ 

But  few  articles  on  this  fubjedt  remain  to  be 
difculTed,  I have  only  to  fliew  you  how  to 
find  the  principal  focus  of  thefc  mirrors,  and  then 
give  you  a concife  view  of  the  properties  we  have 
already  invefiigated,  and  an  explanation  of  the 
various  phenomena  of  pictures  viewed  in  a con- 
cave fpeculum. 

To  FIND  THE  Focal  Length  of  a Spherical 

Speculum. 

ijf.  For  a Concave  Speculum, 

Place  the  fpeculum  fo  that  it’s  axis  may' be 
nearly  towards  the  center  of  the  fun.  If  the  fpe- 
culum be  concave,  find  the  burning  point,  or  re- 
ceive the  image  upon  a white  piece  of  paper ; and  the 
difiance  between  the  focus  fo  found,  and  the  vertex 
of  the  fpeculum,  is  the  focal  length.  Or,  cover  the 
fpeculum  with  a Iheet  of  opake  paper,  in  which 
make  two  or  more  holes,  and  obferve  w here  the 
beams  of  light  refleclcd  from  thefe  holes  unite, 
and  this  will  be  the  focal  difiance.  Or,  lafily, 
place  the  fpeculum  at  the  end  of  a long  table,  in  a 
vertical  pofition ; place  a candle  at  the  oppofite 
end  of  the  table,  fo  that  it’s  fiame  may  be  oppofite 
to  the  vertex  of  the  Ipeculum;  then  take  a piece 
of  white  paper,  and  having  fixed  it  to  a fiick,  place 
the  fiick  in  the  focket  of  a candlcfiick,  fo  that  the 
paper  may  be  iupported  at  about  the  fame  height 
with  the  candle;  then  move  the  {laper  or  the 
. . candle 
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candle  to  and  fro,  till  the  image  of  the  candle  on 
the  paper  is  exacftlyover  the  candle  itfelf,  and  the 
point  of  coincidence  is  the  center  of  the  fpeculurn. 

7 ' ■ 2,  For  a Convex  SpeciiJum, 

. . Stick  two  round-,opake  patches  thereon,  and 
hold  a white  paper  parallel  to  the  fpeculum,  and 
ohferve  where  the  lhadcs  of  the  patches  fail  upon 
it,  as  at  G,  H,  '^g.  i,  meafure  exactly  the 

diltance  AG,  and  the  diftance  betwixt  the  centers 
of  the  fliades  G,  H,  and  betweenAhe  centers'  of  the 
patches;  then  GH — AD(=r:e  H)  to  AD,  fois  AG 
(=De)  to  AF,  the  diitance  rcquirccL 

Orj  cover  it  with  paper,  having  two  pin  holes 
made,  one  near  each  edge  of  the  mirror ; expofe  it 
to  the  fun,  holding  another  paper  before  it,  having 
a hole  large  enough  to  let  the  folar  rays  pafs 
through  to  the  two  pin  holes.  You  will  fee  two 
white  fpots  of  refledled  light  on  each  fide  the  hole; 
move  the  paper  backward  and  forward,  till  thedif- 
tance  of  the  fpots  be  twice  the  diflance  of  the  holes 
in  the  cover,  and  that  dilfance  of  the  paper  from 
the  lens  is  the  principal  focus. 

General  Properties  or  Speculums. 


To  fee  the  image  of  an  objed  made  by  any 
fpherical  fpeculum,  the  eye  muft  be  placed  in  the 
diverging  rays,  facing  the  image,  and  at  a proper 
diflance  for  diftind  vifion. 

If  the  eye  be  placed  near  ,the  fpeculum,  in 
the  converging  rays  before  they  reach  the  ima^e, 
it  will  perceive  the  image  of  the  objed  beyo^id 
the  glafs,  and  at  the  fame  diflance  nearly  as  the 
object  is  before  it,  and  of  the  fame  magnitude. 

If  an  image  be  viewed  with  both  eyes,  placed 
\er^.  neai  the  image,  and  in  the  divergino-  rays 
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either  it  will  not  be  feen  at  alh  or 'it- v^ilh, appear? 
double*;  for  the  axes 'of' the  eyes  cannot  both  *bC  ' 
diredied  to  an  objecl  extremely  near.  - - 

' 1 hough  an  eye  cannot  fee  an  image  in  the 

air,  except  it  be  placed  in  th,e  diverging  rays  ; 
yet  if  that  image  be  received  on  a white  paper,  it 
mav  -be  feen  in  any  pofition  of  the  eye.  For  the 
rays  rcHedfcd  from  the  mirror  to  the  im.age  and 
beyond,  flow  but  in  that  one-diredlion ; but  when 
the  image  is  received  on  white  paper,  the  ray^- 
are  relucted  in  every  diredlion. ' ' 

If  the  eye  be  moved  whilll  it  views  the  image,- 
the  im;!ge  will  appear  to  be  moved-;  for  rays  will 
come  fuccefTively  to  the  eye  from  different  points 
of  the  fpeculum. 

If  an  Ghjt'51  he  placed  in  ihe  principal  focus  of 
a concave  fpeculum,  it’s  apparent  magnitude  to 
the  eye,  at  any  place  whatfoever,  will  be  invariably 
the  fame,  and  equal  to  the  apparent  magnitude  to- 
the  naked  eye,  when  fecn  from  the  center  of  the* 
fpeculum.  Confequently  the  apparent  magnitude 
of  an  objecil:  placed  in  the  principal  focus,  will- 
always  continue  the  fame,  however  the  eye  is* 
moved  backward  or  forward  from  the  fpeculum. 

"I'he  nearer  the  eye  is  to  the  fpeculum,  the 
more  of  the  ohjedi:  appears^  and  vice  verfu. 

If  the  objecl  be  nearer  than  the  principal 
focus,  it’s  apparent  magnitude  grows  Icfs  in  going 
from  the  fpeculum  ; if  it  be  further  olf,  it  increafe?. 

The  apparent  magnitude  of  an  objedt  will  Be 
invariable  wherever  it  be  placed,  if  the  eye  be  at 
the  princi pad  focus,  * 

When  the  eye  is  at  a lefs  dijfance  than  the 
princlfal  focus,  the  magnitude  of  the  objedl  de- 
ejeafes  as  it  is  moved  from  the  fpeculum. 

When  the  eye  is  fixed  at  a greater  diflance 

agnitude  of  an 
fcjeculum  tib  it 
arid  vet 


than  this  focus,  the  apparent  -ni 
c^jpeit  increafes  i-n.going  f:on\  the 
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affiVes-'at  the  conjugate  focus;  then  it  is  all  coa-' 
fnfion.  -Afterwards  it  "diminifhes  ' again;  and  -is-- 

inverted^  ■'  ' ■ " ' ^ 

' A faX'e  in  going  from-  a concave  decreaks  to 

the  principal 'focus,  and  then  inciieafcs.  > '■'  ; 

* ■*  ^ S. 

‘"Of  Pictures  seen^  in  -a  Concave  Speculum. 

' * If  a pidure,  drawn-according  to  the- rules  of 
p^rTpedive,  be  placed  before  a concav-e  fpeciilum, 
a little  nearer  than  it’s  principal'  focus,  the  image" 
of  the  pidure  will  appear  extremely  natural,  and 
very  nearly  like  the  real  one-from'whenee;  it  was 
taken.  For  not  only  the  objeds  are  'greatly  mag- 
nified^ fo  as  to  approach  nearer  the-lr  natural  fize  ; 
but  t-hey  have  allb  different  'appai^nt  diltances, 
infomuch,  that  a view  of  the  infide  of  a 'church* 
appears  very  like  r real  church  ; a'nd  landfcapc' 
pidures  as  the  real  objeds  would  do, -feen  from’ 
the  fpot  where  the  view  was  taken.  - ■ ■ " 

"IFis  curious  phenomenon  will 'be  in  a 
meafure  accounted  for,  by  attending  to  this  diai^^ 
grUm^fig.  3,  pL  6.  Where  the  curve  p c|  r is;  the- 
geometrical  image  of  the  ffrait  objed  P O R,  or 
that  curve  which  contains  the  foci  of  all  the -pen- 
cils of  light  that  diverge  from  PR,  and-whofe- 
axes  pafs  through  the  center-o-of  the  fpeculum 
B A C,  after  their  refledion' by  "that  fpecuJiUn'. 
Now  it  is  proved  by  geometry^  that  the  geonie- 
tficai  image  of  a circk  facing  the  fpeculum,  and 
v/hofe  center  is  at  Q,  and  whofe  diameter  is  F R, 
will  be  a hollow  figure,  formed  by  the  rotation  of 
the  curve  p q r,  round  the  axis  O q.  If  this  hol- 
low figure  is  fuppofed' to  be  a real  thing,  whofC; 
infide  furface  is  varioufly  diftinguifhed  into  parts 
by  dificrent  colours,  and  a picture  of  it  be  drawn 
iux>n  tht  circle  P R,  the  point  of  fight  being  at 
0-;  a fpedcatot  placed  at  o,  would  be  affeded  much 

' ’ " R 4 in 
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in^^he  faiHC  manner,  by  rays  coming  to  him  fron\ 
the  picture,  "after  reflexion  by  the  fpeculum,  as  he 
■would  by  rays  coming  to  him  diredlv  from  the 
hollow  figure,  the  fpeculum  and  the  pidlurc  being 
removed  ; for  in  this  cafe,  the  hollow  fyiire,  and 
the  ge.omeirical  image  of  the  pi  cl  ure  upon  the  circle^ 
cire_  both  coincident. 

, Again,  the  geometrical  image  of  a re(flan-,- 
gular  parallelogram  A B,  jig.  4,  pi.  6,  pkiced 
where  ? Q R is,  jig.  3,  will  be  alfo  a hollow  figure; 
but  more  like  a pyramid  with  four  hdes,  than  to. 
the  figure  deferibed  by  the  rotation  of  the  curve 
p q r.  In  like  manner  a leflcr  parallelogram  with- 
in the  former  will  have  the  image  of  it’s  Tides,  like 
thofe  of  the  former,  but  at  a greater  diftance;  and 
lb  likewife  the  Tides  of  the  Teveral  parallelogram^ 
c d,  e f,  &c.  will  have  their  images  in  a Teries  one 
behind  the  other,  the  midqlcmofl:  being  fartheft 
of  all;  fo  that  the  geometrical  image  of  the  whole 
figure  does  fomewhat  j-efeinble  the  fruflrum  of  a 
hollow  pyramid  wdth  four  Tides,  and  which,  on 
account  of  the  greater  apparent  diffance  of  the 
finaller  or  middle  parts,  appears  nearly  like  a hol- 
low prifm,  a fcdlion  of  which  is  pstr« 

Now  if  ps,  or  r t,  be  the  length,  and  s;t,  or 
pTi,  the  breadth  of  the  infide  of  a church,  a per- 
Ipedlive  view  of  which,  from  O,  is  drawn  upon  the 
plane  PR,  the  geometrical  figure  will  not  be  very 
unlike  the  church  itfelf.  For  the  picture  upon  the 
plane  P R,  is  a figure  properly  confifting  of  fcveral 
parallelograms  di'minifliing  towards  the  middle, 
after  the  manner  of  thofe  above  deferibed  ; and  if 
the  pidlure  be  not  too  large  in  proportion  to  the 
fize  of  the  fpeculum,  the  curvitics  arifmg  from  the 
form  of  the  fpeculum,  will  not  be  very  coiikder- 
able.  But  as  moff  of  the  pencils  of  light  entering 
the  eye,  di'.ergc  from  points  that  are  at  great  dif- 
tances,  tricir  different  divergencies  are  not  alone 
1 fufheient 
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fQfficient  for  determining  the  true  place  of  thctr 
foci : and  the  apparent  image  of  a blank  furface 
placed  at  P R,  will  not  appear  near  fo  concave  as 
the  geometrical  image. 

Here,  however,  we  mufl  have  recourfe  to  fome‘ 

Other  caufe,  and  we  fliall  find  many  concurrir> 

♦ " 

ones.  The  contiguous  parts  of  the  pic^lure  of  the 
floor,  for  inftance,  form  a long  feries'of  vihble 
images,  contiguous  likewife  to  one  another.  The 
images  of  the  remoter  parts  appear  alfo  at  the  fame 
time  fainter  and  fmaller,  bccaufe  the  pidlurcs  of 
the  remoter  parts  of  the  real  floor  diminifli  fafter 
in  proportion,  than  the  apparent  difbances  of  the 
images  of  the  piidiiircs  increafe;  fo  that  from  all 
thefe  caufes  confpiring  together,  the  eye  receives 
much  the  fame  imprellion  as  if  it  looked  at  a real 
floor;  in  both  cafes,  the  appearanc6  is  much  the 
fame;  a long  extended  furtace,  a little  diminiflied 
in  breadth,  and  that  gradually,  towards  ‘ the 
farther  end.  In  like  manner  the  walls  appear* 
ered  and  extended  on  each  fide,  and  the  roof  above 
facing  the  pavement;'  and  all  gradually  inclining, 
after  the  fame  manner  as  a large  room  appears  tp 
the  naked  fight  when  viewed  from  one  end.  ^ Be- 
fides  the  above  helps,  the  window-lights  in  the 
fides,  the  fhades  of  upright  objeds  thrown  updii' 
the  pavement,  &c.  in  the  pidures,  do  alfo  contri-' 
bate  their  fhare ; and  ail  confpiring  together,  do' 
fufRciently  outweigh  the  imperfedions  of  the  geo- 
metrical image.  So  that  inftead  of  a diftorted 
pidurc,  we  fee  in  a manner  a real  church ; the 
great  magnitude  of  the  whole,  it’s  vifible  conca- 
vity, and  proportionable  length  and  diflance  of 
parts,  all  contributing  powerfully  to  excite  this 
idea.  Landfeapes,  &c.  arc  in  like  manner  furpriz- 
ingly  improved  by  a concave  fpeculum. 

1 hefe  phenomena  appear  rather  more  perfed 
to  both  eyes  than  to'  one  alone ; and  the  appear- 
ance 
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ance  will  be  the  fame  to  one  who  does  not  kno'w’ 
what  the  pidture  on  the  paper  reprefents,  which. 
proves  that  the  faid  phenomena  are  not  founded, 
upon  mere  prejudice.  A young  child,  w^ho  had 
never  fecn  any  thing  like  what  w'as  reprefented, 
Ibcw  s great  marks  of  joy  and  furprize  upon  looking 
at  a print  in  a concave  fpeculum.  If  it  can  be 
faid  that  nature  is  any  w'here  improved  upon,  I 
think  this  is  the  place:  for  if  the  print  or  pidufc 
be  finely  executed,  the  opportunity  we  have  of 
viewing  it’s  image  without  any  extraneous  light 
intruding  into  the  eye,  is  an  advantage  wc  cannot 
ha  -c  ’vhen  we  look  at  remote  objedts,  and  is  pro^ 
duillve  of  a wonderful  cffedl. 


Cr  Vision  by  Light  reflected  at  a Convex 

Speculum. 


We  have  very  little  to  add  to  what  wc  have 
already  faid  on  this  fubjedt.  In  a convex  fpecu- 
lum,  the  images  of  objedfs  are  always  feeneredf,  a 
little  convexed  towards  the  eye,  and  dimini fhed, 
yet  pretty  nigh  to  the  fpeculum  ,*  and  the  greater 
the  convexity,  the  nearer,  the  fmaller,  and  the 
more  convex  will  the  images  of  objedts  be. 

If  the  fpeculum  be  a pretty  large  fegment,  it 
will  exhibit  the  irnriges  of  the  objedfs  that  are  pretty 
wide  afimdcr ; fo  that  part  of  thecieling,  floor,  and 
tw‘0  fides  of  the  room,  may  be  fecn  at  the  fame 
time,  the  whole  making  a kind  of  pidiiire  very 
agreeable  in  it’s  effedt : and  the  nearer  the  eye  is 
to  the  fpeculum,  the  larger  will  be  the  field  of  the 
vifible  images.  appearance  is  a kind  of  mean 

between  the  obje Vs  themfelves  and  a good  pitlure  of 
them  on  a flat  ftirface  ; and  upon  this  account y and 
alfo  for  grouping  the  ohjeVSy  a convex  fpeculum  may 
be  very  uftful  to  a landfcape  painter. 

if,  wLile  the  objedts  and  fpeculum  remain’ 

fixed. 
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fixpd,you  move  ta  or  from  the  fpeculum,  the  apparent 
places  and  magnitudes  of  the  images  will  remain 
loyariablc:  but  if  an  objedt  moves  to  or  from  the 
fpcculum,  it’s  images  will  alfo  appear  to  move  thQ 
contrary  way;  and  as  it  approaches  nearer  orre- 
.cedes  farther,  it  will  appear  more  and  more  en- 
larged or  diminifhed. 

If  a convex  mirror  be  placed  againfl  a win- 
dow having  an  extcnfive  profpedl,  or  facing  the 
end  of  a dreet,  the  great  multiplicity  of  objects 
that  are  feen  one  behind  the  other,  and  the  dimi- 
nution of  their  images,  will  fometimes,  after 
poring  into  the  fpeculum,  make  us  fancy  they  are 
a great  way  off;  and,  perhaps,  further  than  the 
objeefs  thernfelves.  But  on  looking  more  atten- 
tively, this  miflake  will  be  correcled,  and  the  ap- 
parent places  of  the  images  will  not  differ  fcnfibly 
from  their  real  places,  or  thofe  places  whence  the 
the  rays  diverge  to  the  eye.  , . r 

Of  Vision  by  Plane  Speculums.  ' 

We  have  already  explained  to  you  the  abffradt  ' 
theory  of  images  formed  by  the  refledion  and  re-  ^ 
fradion  of  plane  and  fpherical  mirrors;  I fhall  now  • 
confider  the  phenomena  of  vifion  by  plane  mirrors.  - 

Objeds,  as  we  have  obferved,  feen  by  rel 
fledion  of  plane  fpeculums,  generally  appear  To  ' 
perfed  and  natural,  that  if  the  fpeculum  itfelf  is  * 
not  perceived,  we  are  liable  to  miftake  the  images  • 
for  the  real  objeds  of  which  they  are  the  types.  A'- 
man  appears  alive,  corporeal,  and  not  a mere  fur-* 
face;  and  any  feries  of  objeds  placed  before  the 

fpeculum  exhibit  alike  feries  on  the  other  fide,  all 

appearing  in  their  due  places,  agreeable  to  the 
theory  of  images  and  of  vifion;  with  this  diffe- 
rence, that  the  images  appear  fomewhat  darker 
than  the  objeds,  on  account  of  the  lofs  of  light  by 
j\ficdion;  and  this,  when  the  images  are  remote 
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will  affcd  their  apparent  di fiances ; and  more  elpc-‘ 
cially  if,  as  the  cafe  often  is,  part  of  the  floor  mf- 
taining  the  real  objedls  is  not  feen,  or  if  the  fpecu-  > 
lum  is  not  vertical.  But  when  the  images  are  near, 
thefe  caufes  have  no  fenfible  effedl. 

When  you  fee  your  own  image,  or  that  of  an 
obje(ft  behind  you,  in  the  fpeculum,  if  the  image 
be  erc(ft,  it  will  appear  inverted  as  to  right  and  leu; 
and  the  reafon  is,  becaufe  the  objecfl  and  the  image 
face  each  other,  or  look  contrariwife.  The  cafe 
is  not  unlike,  when  the  objc(fl  is  betw'een'us  and 
the  fpeculum,  though  we  are  apt  to  make  it  diffe- 
rent for  want  of  confidering  that  it  is  the  back  of 
that  towards  us,  and  fo  call  that  the  right  fide  of 
the  objedl,  which  we  fhoiild  call  the  left,  if  we 
were  on  the  ether  fide.  The  phenomena  of  viflon 
in  plane  fpeculums  agree  fo  well  w'ith  the  theory 
of  images,  that  we  need  fay  nothing  more  on  this 
head,  but  proceed  to  explain  the  phenomena,  when 
two  or  more ‘fpeculums  are  combined  together,  or 
when  one  is  placed  in  an  inclined  fituation. 

If  a plane  mirror  be  inclined  to  the  horizon  in 
nh  angle  of  45  degrees^  with  it's  face  downwards, 
an  upright  objeB  zvill  have  it's  image  in  am  horizon^ 
ta!  pof  tion,  and  the  image  of  an  object  lying  horizontal 
will  he  ere  It. 

; If  A B,  fig.  6,  pL  6,  be  a plane  looking- 
gulf;,  with  it’s  reflecting  furface  downwards,  and 
CD  bean  objed  parallel  to  the  horizon,  then 
the  mirror  A B-,  w hich  makes  half  a right  angle 
wnli  make  half  a right  angle  with  the  objed; 
or  ABC  w’ill  be  an  angle  of  45''.  Now,  at  w^hat- 
ever  di  dance  a point  C,  in  the  objed  is  from  the 
mirror,  the  correfpondent  c,  in  the  image  wdll  ap- 
pear at  the  fame  diftance  from  the  mirror  on  the 
other  fide;  therefore  C E will  be  equal  toe  E : for 
the  fame  reafon'any  other  pomt  D,  will  be  juft  as 
far  dillant  before  the  mirror  as  it’s  corrcTponden: 

point 
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point  d is  behind  it ; fo  that  as  the  objcdl  forms  an 
angle  of  45®  on  one  fide  of  the  mirror,  the  image 
will  form  alfo  an  ahgle  (from  the  fame  angular 
point). of  45®  on  the  other,  45  added  to  45  making 
90®,  or  a right  angle,  fothat  the  image  is  perpendi- 
cular, to  the  objc5,  and  being  therefore  perpendi- 
cular to  the  horizon  will  appear  cred.  For  the 
fame  reafon,  an  upright  objecl  will  have  it’s  image 
in.  an  horizontal  pofition;  confequentl/  if  you  hand 
upright  before  a mirror  inclined  to  the  horizon, 
the.  face  upwards,  you  will  fee  your  image  extend- 
ed horizontally,  as  it  were,  on  the  floor,  with  your 
face  upwards. 

Hence,  if  you  look  into  a plane  fpeculurh,  in- 
clined to  the  horizon  in  an  angle  of  45®,  but  with 
thc'face  downwards,  you  will  fee  yourfelf  as  it  w^re 
in  a flying  poflure ; you  will  feem  to  be  fufpended 
horizontally  in  the  air  with  your  face  downwards ; 
and  if  the  fpeculum  is  fufficicntly  long,  you  will 
feem  to  fly  upwards  or  downwards,  as  you  walk  to 
or  from  the  fpeculum. 

If  the  fpeculum  be  inclined  in  any  other  angle, 
the  angle  of  the  image  will  be  varied  in  the  fame 
manner : thefe  pofitions  you  may  eafily  verify  by 
means  of  a common  drefling-glafs,  as  the  inclina- 
tion thereof  may  be  altered  at  plcafure. 

On  thele  principles  is  conftruded  an  optical 
deception,  which  Dr.  Hooper  has  named  the  ani-^ 
77iated  optic  balls.  On  a flat  board  a ferpentine 
groove  is  tormed  in  fuch  manner,  that  if  the  board 
be  inclined,  and  a fmall  ivory  ball  be  placed  at 
the  top  of  the  uppermoft  groove,  it  will  roll  with 
the  fame  velocity  till  it  gets  to  the  bottom.  This 
board  is  placed  in  box  in  which  there  is  a look- 
ing-glafs  fo  inclined  that  the  bqard  appears  verti- 
cal, and  the  lower  end  uppermoft;  confequently 
the  ball  will  feem  to  roll  upwards.  When  this 
experiment  is  made  to  be  exhibited  In  public, 

every 
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every  thing  is  contrived  to  conceal  the  principle, 
and  heighten  the  deception. 

In  any  number  of  plane  fpecultms,  all  lying  in 
the  fame  ptane^  there  ran  he  feeUy  from  the' Jamt 
phice\  only  one  Image  of  the  fame  objeli.  For  let 
there  be  ever  fo  many,  they  have  only  the  cihedt 
of  one  mirror,  and  the  objed  is  feen  by  rays  pro- 
ceeding therefrom  to  the  eye.  -•  - " 

If  an  eye  is  at  I,  fig.  7,  pi.  6,  within  the  ntrgft 
ABC,  formed  by  two  plane  mirrors  A B,  B'C,  it 
will  fee  as  many  images  of  an  objebl  O,  plated  alfo 
zvithin  this  angle,  as  yon  can  let  fall  perpendiculars 
fucceffwely  on  the  mirror  from  the  objell  and  each  of 
the  images^  * ^ . 

1.  Let  fall  the  perpendicular  OD,  on  the 
mirror  B C ; make  ND  equal  to  NO,  and  the 
point  D will  be  the  place  of  the  image  : for  if  you 
draw  I D from  the  eye,  and  from  g,  where  it  meets 
the  mirror,  draw  g o,  you  will  find  the  angle  of 
incidence  OgN  equal  to  the  angle  BgL 

2.  If  from  the  point  D you  let  fail  on  the 

mirror  A B,  the  perpendicular  DE,  and  make  kE 
=k  D,  the  point  E will,  for  the  fame  reafons, 
be  the  place  of  the  fccond  image,  whofe  objed 
is  D.  ^ ' 

3/  If  from  E you  let  fall  on  the  mirror  B'C, 
a perpendicular  E O,  and  make  O F equal  to  E Q,- 
F will  be  the  place  of  the  third  image,  of  vvhich: 
]£  is- the  objed.  ' ' • 

' 4.  If  from  F a perpendicular  is  let  fall  on*  A B,' 
it  Mull  pafs  beyond  B to  F G,  beyond  the  limits  of. 
the  mirrors. 

In  the  fame  manner  you  may  fliew  that  thej-e 
is  in  H,  an  image  of  the  objed  O,  feen  by  the  ray 
I h,  refieded  by  the  incident  ray  Oh;  and  a fecond 
in  K,  feen  by  the  ray  c I,  refieded  from  c t,  re- 
fieded 
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fledlcd  from  the.  incident  ray  Ot,  that  there  is  a 
third  in  L,  fecn  by  the  incident  ray  O I,  reflected 
in  i a,  and  then  in  ak,  and  afterwards  in  k I ; and 
that  there  can  be  no  more,  becaufe  the  perpendi- 
cular LM,  from  the  lall  image,  falls  without  the 
mirror. 

From  the  figure  you  wdll.fee,  that  the  firfl  image 
is  feen  by  one  rehedled  ray ; the  fecond  by  two ; 
the  third  by  three ; and  fo  on. 

The  diftance  of  each  image  from  the  eye  is 
equal  to  it’s  incident  ray,  added  to  the  fum  of  it’s 
reflccfled  ray. 

The  firft  image  is  brighter  than  the  fecond, 
the  fecond  than  the  third;  and  fo  of  the  reft: 
for  the  intcnfity  of  the  light  is  continualy  dimi- 
niflicd,  a confiderablc  quantity  being  loft  at  every 
reflection. 

^'he  larger  the  angle  formed  by  the  mirrors,  the 
fewer  the  number  of  images ; for  the  cathetus  of 
incidence,  feparatc  from  each  other  by  an  angular 
motion,  equal  to  that  wdth  wLich  the  mirrors  are, 
feparated,  and  arc  confequently  carried  nearer  andf* 
nearer  to  the  angular,  and  fall  fucccllively  beyond 
it;  fo  that  when  the  mirrors  form  a right  angle, 
there  can  be  but  two  images,  and  when  it  is  very 
obtufc,  there  can  be  but  one ; the  number  of  per- 
pendiculars that  can  be  let  fall  from  the  object  or 
the  images  of  the  object  on  the  two  mirrors. 

If  the  two  mirrors  are  parallel,  and  infinitely 
extended,  there  would  be  an  infinite  number  of  i?na^ 
ges  ; but  as  they  go  on,  their  diftance  is  greater, 
and  their  brightnefs  lefs;  they  therefore  foon  be-- 
come  infenflble.  So  that  if  two  plane  mirrors  be 
placed  parallel  to  each  other,  there  will  be  a feries 
ol  images  ot  the  floor  or  fpace  between  theni,  inc 
definitely  extended  both  w^ays^;  there  being  no 
oth^  limitation  of  their  number  than  v/hat  is 
caufed  by  the  decrcafe  pf  light  from  the  continued 

rcilec- 
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reflections.  If  you  fland  between  two  fuch  mirrors, 
you  will  lee  in  that  fronting  you,  the  images  both 
of  your  fore  and  back  part  repeated  fevcral  times, 
but  continually  fainter  the  farther  off. 

On  this  principle  are  conftrudled  a variety 
of  ingenious  recreations ; particularly  thofe  that  are 
termed  ihe  boundlejs  gallery,  the  magical  mirrors^ 

The  firfl:  of  thefe  conlifts  of  a long  box,  fur- 
nifhed  at  each  end  with  a mirror,  placed  directly 
oppoflte  to  each  other  ; a fmall  quantity  of  quick- 
lilver  is  taken  off  from  one  of  them,  in  order  that 
you  may  view  thefe  in  the  infide  of  the  box  ; two 
or  three  painted  fcenes  are  placed  in  the  box,  and 
the  top  is  covered  with  gauze.  The  fcenes  being 
painted  on  both  fides,  are  fucceflively  reflected 
from  one  mirror  to  the  other:  if,  for  example, 
the  painting  confifls  of  trees,  they  will  appear 
like  a very  long  vifla,  of  which  the  eye  cannot 
difcern  the  end ; for  each  mirror  repeating  the 
objecls  continually  more  faintly,  contribute  greatly 
to  augment  the  iilufion. 

The  other  confifls  of  a fquare  box,  with  four 
plane  mirrors  placed  perpendicular  to  the  bot- 
tom of  the  box,  certain  objects  in  relief  are  placed 
on  the  bottom,  and  the  top  covered  with  gauze 
placed  floping-wife  like  the  roof  of  an  houfe, 
leaving  only  an  aperture  at  the  top  for  the  eye. 
When  you  look  in  the  box,  'you  will  find  that 
the  mirrors,  from  being  oppofcd  to  each  other, 
mutually  rbfle^f  the  inclofed  figures  ; the  eye 
beholds  a boundlcTs  extent  completely  covered 
with  thefe  objeifls,  and  if  they  arc  properly  dif- 
pofed,  the  iilufion  wdll  occafion  no  fmali  furprife, 
and  afford  great  entertainment. 

In  a fni'^le  plane  mirror,  that  is  made  of  thick 
glafs  with  qiiickfilver  behind  it,  many  images  of  any 
bright  objett,  as  a candle,  may  be  feen. 
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The  fiv^  furface  of  the  glafs  being  folid  and 
polifhed,  is  itfelf  a mirror,  i^hich  fends  back  all 
fhe  rays  which  do  not  traverfe  the  glafs,  and  thus 
forms  a weak  image  of  the  objedf.  By  looking  at 
a candle  obliquely  in  a mirror,  you  w’ill  feC  very 
evidently,  by  it’s  exhibiting  a feries  of  images^ 
that  the  rays  of  light  are  remedied  feveral  timej 
between  it’s  furfaces : the  images,  Kowever,  all  de- 
creafe  in  brightnefs,  till  at  laft  the  rays  become  too 
faint  to  exhibit  an  image.  Thefe  are  tnore  diftin- 
guifhable,  the  more  obliquely  they  are  viewed. 
This  phenomenon  proves  very  plainly,  that  light 
fuffers  a confiderable -diminution  in  it’s  palfage 
through  glafs. 

If  a plane  mirror  turns  upon  an  axis^  the  an^- 
gular  motion  of  the  images  is  double  that  of ' the 
mirror. 

l.et  A B,  fig.  pi.  6,  be  a mirror,  OE  an 
incident  ray,  EF  a refledfed  ray.  Now  fuppofe  th^ 
mirror  to  turn  upon  an  axis  at  E,  and  to  take  th'e 
fituation  C then  the  incident*  OE  will  have 
GE  for  it’s  refledled  ray.  Now  the  angle  FE  G,* 
which  expreffes  the  angular  motion  or  eju’antity, 
that  the  refledled  ray  has  rrioved'  from  it’s  firfl: 
lituation  F E,  is  double  of  A E'C,  the  angulaT 
motion  of  the  mirror.  If,  therefore,  the  mirror 
moves  one  quarter  of  a circle,  the  refledled  ray 
moves  a half  circle : it  is  for  this  reafon  that  the 
images  of  the  fun,  by  a niirror,  move  fo  fafl: ; 
and  hence,  alfo,  the  images  thereof  refledled  Sy 
water,  even  nearly  quiet,  appear  much  agitated, 
parircularly  when  received  at  fome  dillance  from 
the  point  of  incidence. 

judge  of  the  goo  dnefs  of  plane  mirrors.  Ffav- 
ing  endeavoured  to  explain  the  principle  of  the' 
phenomena  of  plane  mirrors,  I'  lhall  now  pro- 
ceed to  fuch  -obfervatjons  as  may  enable  you  to 
judge  of  their  goodneis.  A fpccuktm-  fhould  be 
''•‘‘‘Voi.  IL  S Gxadlly 
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cxadlly  figured  and  well  polifhed.  The  goodnefs 
of  the  figure  of  a plane  fpeculum  is  eafily  known, 
by  obferving  if  images  feen  in  all  pofitions,  efpe- 
cially  in  very  oblique  ones,  and  from  all  parts 
of  the  fpeculum,  appear  exadtly  equal,  and  fimi- 
lar  to  the  objecls : that  is,  if  the  .images,  efpe- 
cially.  the  remoteft  objecfls  in  the  room,  appear 
natural,  without  having  any  part  of  them  diftorted, 
the  fpeculum  has  a good  figure.  The  firait  edges 
of  the  rails  of  wainfcot  are  good  objedls  for  the 
experiment.  A plane  muft  be  exceedingly  erro- 
neous, that  will  diftort  a face  looking  into  it,  be- 
caufe  the  rays  being  returned  almolt  dired:ly  back 
to  the  eye,  fmall  aberrations  cannot  be  fenfible. 
But  if  two  perfons  look  at  each  other’s  image  as 
obliquely  as  they  can,  they  will  fooii  perceive  if 
the  fpeculum  be  faulty. 

It  is  deemed  a very  difficult  thing  to  grind  a 
true  plane ; and  the  difficulty  of  making  a good 
looking-glafs  is  fbiil  greater,  becaufe  the  two  fides 
Ihould  be  exad^Ily  parallel  as  well  as  fiat.  If  the 
images  of  a candle  feen  very  obliquely,  and  in 
different  obliquities,  and  from  all  parts  of  theglafs, 
do  not  always  keep  pretty  nearly  at  equal  diftances 
one  from  another;  it  is  a proof  that  the  fides  of 
the  glafs  are  neither  fiat  nor  parallel. 

The  better  a fpeculum  is  polifiied,  the  brighter 
will  be  the  images  ; that  is,  the  eye  will  receive 
more  light  from  it.  The  darker  the  colour  of  a 
glafs  fpeculum,  the  higher  is  the  polifii.  Different 
glaffes,  though  equally  well  polifhed,  will  not  al- 
ways appear  equally  dark ; yet  generally  the  above 
rule  takes  place,  and  the  darkeft  i3  to  be  preferred. 
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LECTURE  XVII. 

On  the  Nature  of  Vision. 

IT  has  been  my  endeavour,  in  the  preceding  Lec^ 
tures,  to  refcLie  Philofophy  froili  the  imputation 
Ihe  has  long  lain  under  of  being  dangerous  to  reli- 
gion and  piety.  It  was  not  uncommon  formerly 
to  fufpedt  ev^ry  one  who  profelTed  to  purfue  the 
light  of  nature,  of  unfoundnefs  of  principles,  and 
ot  a fecret  delign  to  undermine  the  belief  of  a Pro^ 
vidence,  and  the  being  of  a God.  Nor  can  it  be 
denied,'  that  there  has  been  ground  for  fuch  a fufpi- 
cion ; tor  thofe  who  really  had  fuch  evil  defigns, 
proceeded  by  attempting  to  explain  the  furround- 
ing phenomena  by  the  powers  of  nature,  and  thus 
endeavouring  to  confine  the  attention  of  mankind 
to  them  alone.  But  the  Bate  of  natural  philofophy 
is  now  altered  j it  is  become  an  innocent,  inof- 
fenfive  fcience,.  a ufeful  minifter  in  the  temple  of 
the  Lord. 

In  ancient  times,  nature  was  efieemed  an  ori- 
ginal fource  of  being,  difiindl  from  the  Almighty  ; 
matter  was  thought  to  be  pofTelfed  of  a being 
which  HE  never  gave  it,  and  the  elements  to  have 
their  differences  and  qualities  independent  of  him. 
Thefe  notions  have  long  finCe  been  exploded,  and 
God  is  acknowledged  to  be  the  creator  of  all  things 
vifible  and  invifible.  1 1 is  now  clear,  that  the  abftrad: 
and  fenfible  effences  of  nature  receive  their  perma- 
nency, and  her  courfes  their  ftability,  from  the  cove- 
nant or  immutable  will  of  God;  her  fubftances,  both 
material  and  fpiritual,  together  with  their  primary  as 
well  as  fecondary  qualities,  their  applications  to  one 
another;  their  mutual  affeclions,  and  all  efieds  and 
events  refbking  therefrom,  being  derived  primarily 
from  no  other  fource  than  the  po-ouer,  the 
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and  the  goodnefs  of  God.  Nature  is  the  work  of 
God,  her  adls  are  his  afls,  her  produ6tions  his  gifts, 
her  every  operation  an  execution  of  his  will. 

Great,  then,  is  the  error  of  thofe  who  have  fet  up 
7iature  as  a firft  principle,  in  the  place  of  God, 
whereby  to  account  for  phylical  operations  and  pro- 
du(5lions;  for  nature  is  nothing  initfelf,  but  a mere 
w’ord  without  any  meaning  or  idea  belonging  to  it, 
if  confidered  in  any  other  view  than  as  that  fyftem 
of  laws  whereby  God  upholds  this  vifible  world, 
and  produces  the  infinite  variety  of  forms  and  ef- 
fedts  in  it,  according  to  an  eftablifhed  and  regular 
courfe  of  fubordinate  caufes  and  means;  and  con- 
fequently,  where  the  mind  terminates  it’s  views  in 
a fuppofed  nature  as  a felf-moving  agent  or  prin- 
ciple, it  robs  God  of  the  honour  due  to  his  ma- 
jefty,  and  transfers  it  to  an  idol  of  it’s  own  mak- 
ing.” 

The  ftudy  of  the  human  frame,  &c.  has  been, 
regarded  with  the  fame  unfavourable  fufpicion  as 
■philofophy.  For  there  being  a great  deal  of  me- 
chanifm  in  the  human  compofition,  thofe  who  ap- 
plied to  a clofe  examination  and  ftudy  pf  the  ma- 
chine, were  apt  to  think  too  flightly  of  the  fpiritual 
part,  infomuch,  that  it  has  been  a current  faying, 
wherever  you  fee  three  phyficians,  you  fee  two 
atheifts.  But  I do  not  apprehend  that  they  now 
retain  the  fame  fentiments.  They  erred,  becaufe 
they  faw  that  the  underflanding  might  fometimes 
be  reftored  to  madmen  by  medicines:  they  knew 
that  fome  of  their  drugs  had  a pow  erful  effeft  upon 
the  imagination,  fo  as  to  warm  it  wfith  fanguine 
hope,  or  chill  it  with  defponding  melancholy  : they 
found  that  a delicacy  of  texture  in  the  fibres  of 
the  brain,  a purity  of  the  circulating  juices,  had  an 
influence  on  the  natural  talents,  and  occafioned  a 
predominancy  of  fome  one  of  the  principal  hu- 
mours that  difUnguifhed  the  charters  of  men; 

that 
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that  an  unnatural  prefTure,  or  a little  heterogeneou 
mixture  in  the  medullary  fubftance  within  the  head, 
difabled  the  foul  from  exercifing  her  fundions  ; 
and  that  in  general  the  tenour  and  colour  of  our 
thoughts  depended  very  much  upon  the  difpofition 
of  the  body.  Arguing  from  appearancesy  which 
will  ever  miflead,  they  imagined  that  powers  had 
been  afcribed  to  the  foul,  which  really  refided  in 
the  body,  and  were  tempted  in  an  evil  hour  too 
hallily  to  conclude,  that  (he  had  none  belonging  to 
her ; but  that  thought  itfelf,  with  all  it’s  varieties, 
■w'ere  nothing  more  than  mere  configuration  and  a 
diverfity  of  motions  in  matter. 

**  13eginning  at  the  wrong  end,  and  tracing  the 
intelledtual  operations  frorn  organized  matter  as 
their  fource  and  caufe ; they  could  not  but  infer, 
that  the  caufe  being  taken  away,  the  effedl:  muft 
necelfarily  ceafe.  Seeing  that  a contufion,  or  other 
injury  of  the  brain,  occafions  a diforder  or  lofs  of 
the  underftanding  and  memory,  they  thence  argued 
that  the  brain  is  the  principal  caufe  or  foundation 
of  thefe  powers ; whereas  perception,  thought,  and 
memory,  do  not  flow  from  the  brain,  but  from  the 
mind  into  it,  as  the  proper  medium  for  the  mani- 
feftation  of  the  intelled:ual  powers.  The  dcfedl  or 
deftruvTion  of  the  organ  does  not  occalion  any  ab- 
folute  lofs  or  annihilation  of  intelledl,  for  that  ftill 
remains  the  fame  in  it’s  own  fpiritual  principle,  it 
only  hinders  it  from  manifefting  it’s  operations  in 
the  natural  world,”  To  fuppofe  that  mi7ui  and 
matter  are  the  fame,  bccaufe  the  diforder  of  the 
body  apparently  influences  the  foul,  is  as  abfurd  as 
to  fay  that  the  arty  fciencey  and  intelligence  of  a 
mufician,  lies  entirely  in  the  firings  or  pipes  of  his 
inflrument,  becaufe  his  knowledge  is  more  or  lefs 
confpicuoLis,  according  as  they  are  more  or  lefs 
tuned.  It  is  a fophiftry  that  can  only  dazzle  fupcr- 
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^icial  minds,  that  thus  take  appearances  for  realities,, 
effed:s  for  caufes. 

But  this  temptation  is  now  removed  ; for  a 
more  exadt  ferutiny  into  the  properties"  of  matter' 
has  clearly  fhewn,  that  no  alfortment-  of  matter, 
how  nicely  foever  arranged,  can  form  an  intelli- 
gent being,  Let  materialifts  infift  as  frrongly  as 
they  pleafe,  that  the  charadlers  and  thoughts  of 
men  refult  from  their  machinery  and  organization; 
we  know  that  no  fuch  refult  could  take  place,  un- 
Icfs  there  were  a perceptive  fpirit  to  receive  the 
action  of  the  machine.  To  imagine  otherwife 
would  be  as  abfurd  as  to  fuppofe  that  a bible  might 
teach  a fentiment  of  religion  without  a reader  to 
perufe  it,  or  the  grafs  a fenfation  of  green,  without 
an  eye  to  difeern  it.  Some  things,  indeed,  the 
mind  performs  through  the  body  ; as  for  example, 
the  various  works  and  energies  of  art.  Others  it 
performs  without  fuch  a medium,  as  when  it  thinks, 
and  reafons,  and  concludes.  Now,  though  the 
mind,  in  either  cafe,  may  be  called  the  principal 
fource,  yet  thefe  laft  are  moft  properly  it’s  own  pe- 
culiar acts,  as  more  immediately  referable  to  it’s 
peculiar  powers ; and  thus  is  mind  ultimately  the 
caufe  of  all. 

The  ancient  atheijisy  as  Anaximander,  Demo- 
critus, &c.  founded  their  tenets  on  the  hypothefis 
of  matter  being  the  firft  and  only  principle,  to" 
the  exclufion  of  all  fpiritual  fubftances.  Their 
followers  in  infidelity,  in  modern  times,  have  done 
the  fame*  nor,  indeed,  is  there  any  other  fuppofi- 
tion,  weak  as  it  is,  on  which  the  fyftem  of  atheifm 
can  be  raifed.” 

That  the  abfurditics  of  a doCtrine,  which 
bani filed  all  w ife  defigns  and  final  caufes  from  the 
creation  and  government  of  the  world,  might  not, 
by  unfuppoiLed  alTertions,  fliock  the  common 
fenfe  of  mankind,  the  authors  and  abettors  of 

this 
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this  impious  fcheme  employed  their  invention  to 
form  theories  to  account  for  effeds  without  caufes^ 
or  at  lead,  without  adequate  caufes ; as  by  main- 
taining the  eternity  of  the  world  in  it’s  prefent 
form  ; or  advancing,  at  lead,  an  eternity  of  atoms, 
which,  by  the  diredion  of  chance,  and  a lucky 
jumble,  formed  themfelves  into  the  prefent  orderly 
fydem.” 

But  as  they  were  equally  puzzled  to  account 
for  life,  confcioufnefs,  and  intelled,  upon  their  cor- 
pufcular  plan,  they  found  themfelves  under  the  ne- 
cefTity  of  afcribing  to  matter,  under  particular  mo-, 
difications,  certain  adive  powers,  which  are  abfo- 
lutely  inconddent  with  it’s  known  edential  proper- 
ties, affirming  the  foul  to  be  nothing  more  than  a 
mere  refined  and  delicate  configuration  of  atoms, 
and  the  mental  operations  to  proceed  from  the  me- 
chanical motions  of  rarified  matter:  thus  making 
the  principles  of  life  and  underdanding  to  be  only 
the  modes  of  that  which  has  nothing  vital  or  intel- 
ligent in  it,  and  thus  afcribing  more  to  the  effect  than 
is  in  the  caufe  to  give.  Thefe  complicated  ab- 
furdities  have  been  fo  thoroughly  deteded  and 
confuted,  that  atheifm,  as  a fydem,  fcarce  lifts 
up  it’s  head,  but  hides  itfelf  under  falfe  colours. 
It  does  not  now  prefent  itfelf  as  the  open,  but  as 
the  whited  fepulchre ; does  not  profededly  declare 
war  againd  the  majedy  and  exidence  of  Almighty  ‘ 
God,  but  dily  endeavours  to  undermine  his  attri- 
butes, and  by  falfe  reafoning  to  invalidate  the' 
proofs  of  the  immortality  of  the  foul.” 

Some  philofophers  among  the  ancients,  as 
well  as  among  the  moderns,  imagined  that  man 
was  nothing  but  mere  matter  ; but  matter  fo  cu- 
rioufly  organized,  that  the  impreffion  of  external 
objeds  produces  in  it  fenfation,  perception,  re- 
membrance, and  all  the  other  mental  operations. 
This  foolidi  opinion  could  have  no  other  orie^in 
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than  the  conftarit  connection  the  Author  of  nature 
hath  cflablifhed  between  certain  impreffions  made 
upon  our  fenfes,  and  our  perception  of  the  objecls 
by  which  the  impreffion  is  made ; from  which  they 
weakly  inferred,  that  thofe  imprefTions  were  the 
proper  efficient  caufes  of  the  correfponding  per- 
ception.* 

But  no  reafoning  can  be  more  fallacious  than 
this  ; that  becaufe  two  things  are  always  conjoined, 
one  muff  be  the  caufe  of  the  other.  Day  and 
night  have  been  joined  in  a conltant  fucceffion 
fnce  the  beginning  of  the  world  : but  who  is  fo 
foolifh  as  to  conclude  from  this,  that  day  is  the 
caufe  of  night,  or  night  the  caufe  of  the  following 
day?  There  is,  indeed,  nothing  more  ridiculous 
than  to  imagine,  that  any  motion  or  modification 
of  matter  fhould  produce  thought,  and  render 
ft  capable  of  fenfation  and  knowledge.  For  thofe 
things,  which  are  inferior  and  fecpndary,  can  by 
no  means  be  the  principles  or  caufes  of  the  more 
excellent. 

If  ^ny  one  fhould  relate  of  a telefcope,  fo  ex-r 
aCUy  made  as  to  have  the  power  of  feeing ; of  a 
whifpering-gallery,  that  had  the  power  of  hearingj 
of  a cabinet  fo  nicely  framed  as  to  have  the  power 
of  memory ; or  of  a machine  fo  delicate  as  to 
feel  pain  when  it  w as  touched ; the  relation  would 
be  fo  abfurd,  and  fo  fhocking  to  common  fenfe, 
that  it  w^ould  not  find  belief  even  arnong  favages. 
Yet  it  is  the  fame  abfurdity  to  think,  that  the  im- 
prefiipns  of  external  objecls  upon  the  machine  of 
pur  bodies,  can  be  the  real  efficient  caufe  of 
thought  and  perception.  The  mofi:  perfeiit  organi- 
zation is  but  a perfedl  arrangement  of  material 
elements,  and  gives  but  a new^  cxtrinfic  relation 
pf  parts  to  parts,  and  can  never  give  capacities 
vvhtch  did  not  before  exijl.  Nay,  the  very  mate- 
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rialifl  himfelf,  with  all  his  boafted  attachment 
to  matter,  is  forced  to  have  recourfe  to  powers 
which  are  as  different  from  the  common  capacities 
of  body,  as  the  Jentieni  Jiihftance  of  the  immateria-^ 
lift  is  from  the  material  element.  Even  the  man 
of  matter,  when  fpeaking  of  refiftance  in  bodies, 
fays,  that  resistance  is  in  molt  cafes  caufed 
by  fomething  of  a quite  different  nature  from  any 
thing  MATERIAL.”"^ 

It  is  no  wonder  that  philofophers,  whofe 
ideas  of  mind  and  being  are  only  derived  from 
body  and  fenfation,  Ihould  be  thus  inconftftent ; 
for  they  have  a fhort  method  of  explaining  away 
the  nature  of  truth.  They  reduce  it  to  mere 
opinion,  and  conlider  it  as  a factitious  thing  which 
every  man  makes  for  himfelf ; which  comes  anci 
goes  juft  as  it  is  remembered  or  forgot ; which,  in 
the  order  of  things,  makes  it’s  appearance  'the 
laft^  of  any,  being  not  only  fubfequent  to  fenfible 
objects,  but  even  to  our  Jenfations  of  thefh. 

But  there  are  other  reafoners,  who  have  had 
different  notions ; who  reprefent  truth  not  as  the 
laji,  but  th.Q. prji  of  beings;  who  call  it  immuta- 
ble, eternal,  omniprefent.  To  thefe  it  muft  ap- 
pear fomewhat  ftrange,  how  men  fhould  imagine, 
that  a crude  account  of  the  method  how  they  per- 
ceive truth,  was  to  pafs  for  an  account  of  truth 
ttfelf:  as  if  to  cieferibe  the  road  to  London,  could 
be  called  a defeription  of  that  metropolis. 

You  are  better  learned  than  to  conlider  truth 
as  ppinion  : you  know  that  it  fliines  with  un- 
changeable fplendor,  enlightening  throughout 
.the  univcrfe  every  poffible  fubjeeft  fufeeptibie  of 
jt’s  benign  influence.  PalTions,  and  other  obicefts 
pay  prevent  indeed  it’s  efficacy,  as  clouds  and 
vapours  may  obfeure  the  fun;  but  itfclf  neither 


UU 1 J i 1 L S 


w™.  (■«  Betrington-s  l etters  on 
jyti.tenalifm— !mmaleru!;fm  Delincaledr-atid  Harris's  Jlermra. 


266  Lectures  on  NATURALTiinosopHY* 

admits  diminution  nor  chayige^  becaufe  the  dark-  ' 
nefs  only  refpecfts  particular  percipients.  Among 
ihe/e^  therefore^  you  niuft  look  for  ignorance  and 
error,  and  for  that  Juhordination  of  intelligence 
\%'hich  is  their  natural  confequence. 

from  all  thefe  confiderations  you  will,  f 
hope,  be  perfuaded  to  flee  from  materialifm  as 
frefn  the  plague.  It  is  an  opinion  that  is  inimical 
to  virtue,  that  darkens  the  profpedts  of  futurity,, 
unbinds, the  reins  to  vice,  and  is  dcflriidive  of  ail 
true  religion. 

Having  given  you  an  account  of  the  general 
theory  of  reflediion  and  refraction  of  light,  1 fhall 
now  proceed  to  the  theory  of  viflon.  The  fubjett 
is  not  only  curious  and  entertaining  in  itfcif,  but 
without  it  there  is  no  accounting  for  feveral  op- 
tical phenomena,  or  even  underflanding  the  theory 
of  optical  infiruments,  and  the  manner  by  which 
they  extend  fo  prodigioufly  the  natural  bounda-. 
ries  of  viflon.  It  is  alfo  prefumed,  that  it  can  be 
no  unpicaflng  fpeculation  to  obtain  an  idea  of 
the  fecret  mechanifm  by  which  the  eye  commu- 
nicates fo  many  diverfllied  and  animated  percep- 
tions to  the  fold,  and  by  vhich  v\  e are  enabled  to 
difeover,  with^  fo  much  eafe  and  rapidity,  every 
furrounding  objedh 

In  the  flrudlurc  of  the  eye  you  will  find  the 
mofl:  evident  manifeftations  of  exquiflte  art  • and 
defign,  every  part  elegantly  framed,  nicely  ad- 
jufled,  and  commodioufly  placed,  to  aiifwer  in 
the  mofl:  perfed  manner  every  poflible  good  pur- 
pofe,  and  thus  evince  that  it  is  the  work  of  un- 
erring wifdom^  prompted  to  action  by  infinite 
love. 

So  manifold  are  the  blcfTino;s  we  derive  from  > 
this  organ,  that  the  mind  of  man  feems  almofb 
inadequate  to  the  conception,  and  his  pen  to  the  ' 
defeription  of  them.  While  it  forms  our  ideas 

of 
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of  magnitude  and  diflance,  it  annihilates  fpace* 
by  placing  the  nearcft  and  moft  diflant  objedls 
dole- together.  To  it  we  are  indebted  for  the 
delightful  fenfations  that  arife  from  the  propor- 
tion and  variety  of  forms,  the  harmonious  mix- 
ture of  colours,  and  the  graces  of  beauty.  It 
enables  us  to  feck,  to  fee,  and  to  chufe  our  food ; 
to  go  here  and  there,  as  the  calls  of  fricndfliip, 
or  the  occalions  of  bulinefs,  require ; to  traverfe 
the  ocean,  ranfack  the  bowels  of  the  earth,  viiit 
diflant  regions,  accumulate  wealth,  and  multiply 
knowledge.  Affifled  by  it,  we  become  acquainted 
with  the  works  of  the  Creator,  and  can  trace 
his  wifdom,  his  power,  and  his  goodnefs,  in  the 
texture  of  plants,  the  mechanifm  of  animals,  and 
the  glories  of  the  heavens. 

The  value  of  this  fenfe  is  heightened,  when 
we  confider  the  miferies  attendant  on  the  want 
of  it ; for  among  the  numerous  evils  that  afflid 
the  human  race,  there  is  none  more  juftly  dreaded, 
nor  more  deeply  deplored,  than  a deprivation  of 
fight.  It  is  to  have  one  of  the  chief  inlets  of, 
happinefs  cut  off,  to  be  fhut  up  in  perpetual 
darknefs,  to  labour  under  ten  thoufand  inconve- 
niences, and  to  be  expofed  to  continual  dangers. 
How  poignantly  this  lofs  was  felt  by  our  great- 
poet,  is  painfully  evident  from  his  own  words: 

With  the  year 

Seafons  return  ; but  not  to  me  returns 
Day,  or  the  fw'eet  approach  of  ev’n  or  morn. 

Or  light  of  vernal  bloom,  or  fummer’s  rofc. 

Or  flocks,  or  herds,  or  human  face  divine  ; 

But  cloud  inflead,  and  ever-during  dark 
Surrounds  me,  from  the  chearful  rays  of  men 
Cut  ofl,  and  for  the  book  of  knowledge  fair, 
Prefemed  w irh  an  univerfal  blank 


or 
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Of  nature’s  works,  to  me  expung’d  and  raz’d. 

And  wil'dom  at  one  entrance  quite  flint  out.” 

A SHORT  Description  of  the  Eye.* 

In  defcribing  the  eye,  it  is  natural  to  conli- 
der,  firfl,  the  external  parts,  then  the  internal, 
or  thofe  which  are  more  immediately  fubfcrvient 
to  the  purpdfes  of  vifion. 

The  eye,  as  is  well  known,  is  fituated  below 
the  forehead ; it  is  placed  in  a bony  cavity,  called 
the  orhit ; the  form  is  globular,  it  is  compofed 
of  feveral  coats  and  humours,  and  furnifhcd  with 
vefl'els  properly  adapted  to  it’s  various  functions. 

' The  eye  confifts  of  feveral  coats  or  teguments, 
which  form  a hall  perfecdily  globular  except  on 
the  fore  part,  which  is*  a little  more  protuberant 
than  the  reft.  Within  this  ball  are  included  three 
different  liquids  or  tranfparent  fubflances,  called 
humours. 

The  orhit  of  the  eye  is  of  a conical  fhape, 
but  rather  irregular  in  it’s  dimenfions ; it  is  com- 
pofed of  feven  bones,  and  lined  with  fat,  which 
forms  a foft  bed  for  the  eye  to  reft  on,  and  faci- 
litates it’s  various  motions.  A confiderable  part 
of  the  bottom  of  the  orbit  is  open  for  the  ad- 
miffon  and  tranfmiffion  of  the  nerves,  veins,  and 
arteries. 

Thofe  prominent  arches,  of  hair,  which  we 
term  the  eyehrozvs^  defend  the  eyes  from  the  light 
when  it  is  too  ftrong,  and  prevent  their  being 
incommoded  by  any  fubftances  that  might  Hide 
down  the  forehead,  and  thence  fall  into  the  eyes. 
That  the  eyebrows  may  be  more  effecffually  ufeful, 
and  form  a more  perfect  fereen,  they  are  furnilbcd 
with  mufcles  to  draw  them  down,  and  corrugate 

them ; 
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them ; and  when  we  are  walking  in  a dufly  road 
or  when  we  are  expofed  to  a dazzling  light,  wc 
pull  down  the  eyebrows,  and  thereby  lhade  the 
eye  from  the  glare,  and  protedl  it  from  the  duff. 
VVe  may  gather  from  hence,  that  thofe  flaades 
which  encompafs  the  forehead,  and  that  projedl 
about  three  inches  from  it,  are  properly  adapted  to 
guard  weak  eyes  from  every  offenfive  glare  of  light. 

The  prominency  of  the  eyebrows  gives  a cha- 
radler  to  the  face ; and  hence  Le  Brun,  in  his 
dire(flions  to  a painter,  with  regard  to  the  paf- 
fipns,  places  in  them  the  principal  force  of  ex- 
preflion.  The  eyebrows  form  a deep  fliade  on  the 
canvas,  which  relieves  the  other  colours  and  fea- 
tures. A depreflion  of  the  eyebrow  is  an  indica- 
tion of  concern  and  grief ; whilft  an  elevation 
thereof  (hews  that  the  mind  is  either  aifedled  with 
joy,  or  enjoying  the  ferenc  delights  of  tranquillity. 

The  eyelids,  like  two  fubftantial  curtains, 
protect  and  cover  the  eyes  while  we  fleep  ; when 
we  are  aw^ake,  they  diffufe,  by  their  motion,  a 
Huid  over  the  eye,  w'hich  cleans  and  poliflies  it, 
and  thus  renders  it  fitter  for  tranrihittiMo;  the  rays 
of  light. 

Each  eye  is  furniflied  with  two  lids,  the  one 
fuperior,  the  other  inferior,  joining  at  the  two 
extremities,  which  arc  called  cantbi,  or  angles. 
Both  eyelids  are  lined  with  a membrane,  which 
alfo  infolds  as  much  of  the  globe  of  the  eye  as 
is  called  the  w’hite,  and  it  prevents  any  dull,  or 
other  extraneous  particles,  from  getting  behind 
the  eye  into  the  orbit. 

lhat  the  eyelids  may  fhut  wdth  greater  exadt- 
nefs,  and  not  fall  into  wTinkles-  when  they  are 
elevated  or  deprclied,  each  edge  is  ftiffened  by  a 
cartilaginous  arch.  The  eyelalhes,  like  two  pa- 
li fades  of  fliort  hair,  proceed  from  thefe  cartila- 
ginous edges,  w'arning  the  eye  of  danger,  pro^ 
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te*5ling  it  from  ftraggling  motes,  and  warding  off 
the  wandering  fly.  They  alfo  intercept  many 
rays  proceeding  from  objects  that  are  above  the 
axis  of  vinon,  and  thereby  render  the  images  of 
other  objedls  more  diflin(ff  and  lively  ; for,  as  in 
the  camera  obfciira,  the  image  is  always  brighteft 
when  no  rays  are  allowed  to  enter,  but  thofe  which 
form  the  pidlurc.  The  eyelafhes  contribute  their 
fliare  in  giving  beauty  to  the  face,  to  foften  the 
outlines  of  the  eyelids,  and  throw  a mildnefs  on 
the  features. 

Both  the  eyelids  are  moveable  ; but  the  upper 
one  moftly  fo,  the  lower  one  moving  but  little, 
being  rather  obfequious  to  the  motions  of  the 
adjacent  parts,  than  moved  by  any  particular 
forces  of  it’s  own.  The  hairs  of  the  eyelafhes 
grow  only  to  a certain  length,  and  never  need 
cutting  : the  points  of  the  fuperior  one  are  bent 
upwards,  thole  of  the  lower  cyelafli  downwards. 
Thus  whenever  we  can  trace  things  to  their  final 
caufe,  we  find  them  always  marked  with  defign, 
and  can  find  no  circumfiance  fo  minute,  as  to 
efcape  the  attention  of  the  Supreme  Being. 

From  what  has  been  faid,  we  may  perceive 
why  the  light  of  thofe,  w hofe  eyelafhes  are  black, 
is,  in  general,  much  flronger  than  thofe  who  have 
them  fair  or  white  ; the  black  eyelaflies  are  a 
better  fliade  for  the  eye,  and  reflect  no  light  from 
their  inner  fide,  to  weaken  and  efface  the  picture 
on  the  retina.  Montalius  gives  an  account  of  a 
young  man,  wFofe  eyelaflies  and  eyebrows  w'cre 
of  an  intenfc  white,  and  his  fight  obfeure  during 
the  day,  but  clear  at  night.  This  perfon  was 
taken  pnfoner  by  the  Moors,  who  dyed  his  eye- 
laflies  black,  by  w'hich  his  fight  was  much  flrength- 
ened : in  courfe  of  tim.c  the  dye  was  wafhed  oft, 
and  his  fight  became  weak  again.  *-Dr.  Ruffell, 
in  hi$  natural  hiflory  of  Aleppo,  fays,  that  it  is 
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the'  cuflom  among  the  Turkifli  women  to  black 
the  inhde  ot  their  eyelids,  not  only  as  an  ornament, 
but  as  a means  of  ll:rengthcning  the  fight.  When 
the  eyelids  are  loft,  a fymptom  which  frequently 
follows  a malignant  finall-pox,  the  fight  is  always 
confidcrably  impaired. 

by  Ihutting  the  eyelids  partially,  wc  can  ex- 
clude as  much  light  as  we  pleafe,  and  thus  further 
'defend  the  e>es  from  too  ftrong  a light,  which  every 
one's  experience  proves  to  be  as  injurious  to  them 
as  more  grofs  matter.  Numerous  are  the  melan- 
choly inftances  on  record,  which  confirm  this 
truth : Xenophon  relates,  that  many  of  his  troops 
were  blinded  by  the  ftrong  refledion  from  the  fnow 
over  which  they  w ere  obliged  to  march.  Dionyfius, 
the  tyrant  of  Sicily,  among  other  means  which  he 
iifed'  to  gratify  his  revenge,  and  fatiate  the  cruelty 
of  his  temper,  was  accuftomed  to  bring  forth  his 
inifcrable  captives  from  the  deep  reedfes  of  the 
darkeft  dungeons,  into  white  and  WTll-lighted 
roorns,  that  he  might  blind  them  by  the  fiidden 
tradition  from  one  extreme  to  the  other.  Aduated 
by  principles  equally  cruel,  the  Carthaginians  cut 
off  the  eyelids  of  Regulus,  and  then  expofed  him 
to  the  bright  rays  of  the  fun,  by  which  he  was  verv 
foon  blinded. 

' Thefe  fads  make  it  clear  that  a protuberant 
eye  is  not  fo  well  calculated  for  vifion,  as  one  that 
is  d^ejp  funk  in  the  head  : neither  extreme  is  indeed 
defirable ; yet  undoubtedly,  of  the  two,  that  wdiich 
is  deep  fet  is  preferable,  as  a hording  the  cleareft; 
fight,  and  being  leaft  liable  to  injuries  from  exter- 
nal accidents. 

rhofe  animals  which  have  hard  cruftaceous 
eyes,  as  the  lobfter,  crab,  6cc.  have  no  eyelids; 
;whereas  moft  brute  animals  have  an  additional  one’ 
called  the  yii^itating  mevibrane,  which  they  draw 

over 
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over  their  eyes  like  a curtain,  to  wipe  off  whatever 
incommodes  them. 

The  velocity  with  which  the  eyelids  move  to 
and  fro  is  fo  great,  that  it  does  not  in  the  Icaft  im- 
pede the  fight.  This  curious  circumftance  maybe 
illuftrated  by  the  well-known  phenomenon  of  a 
burning  coal  appearing  like  a ring  of  fire,  when 
whirled  round  about  with  rapidity,  in  the  circum- 
ference of  a circle.  Now  it  is  highly  probable, 
that  the  fenfation  of  the  coal,  in  the  feveral  places 
of  the  circle,  remains  on  the  mind  until  it  returns 
again  to  the  fame  place.  If,  therefore,  our  eyelids 
take  no  longer  time  to  pafs  and  repafs  upon  our 
eyes,  than  what  the  coal  of  fire  takes  to  go  round, 
the  impreflion  made  by  any  objedl  on  the  e'ye  will 
fuffer  no  fenfiblc  interruption  from  this  motion. 

To  prevent  the  eyelids  adhering  together,  they 
are  fupplied  with  a row  of  febaceous  glandules, 
which  difcharge  a foft  liniment,  that  mixes  wdth, 
and  is  wafhed  oft'  with  the  tears. 

The  lachrymal  gland  is  placed  in  the  upper  and 
outer  part  of  the  orbit.  It  is  defigncd  to  furnilh 
at  all  times  water  enough  to  keep  the  outer  furface 
of  the  eye  moift,  and  thus  give  the  cornea  a greater 
degree  of  pellucidity.  In  order  that  this  liquor 
may  be  rightly  difpofed  of,  we  frequently  clofe  the 
eyelids  without  being  confeious  of  it. 

At  the  inner  corner  of  the  eye,  between  the 
eyelids,  ftands  a caruncle,  whofe  oftice  feems  to  be 
to  keep  that  corner  of  the  eye  from  'being  totally 
clofed ; fo  that  any  tears,  &c.  may  flow  from  under 
the  eyelids,  when  we  fleep,  into  the  pun^fa  lachryr 
vialia,  which  are  little  holes,  one  in  each  eyelid, 
near  the  corner,  for  carrying  into  the  nofe  any  fu- 
perfluous  tears. 

The  eye  is  furniflied  with  fix  mufeks,  whicb 

fpread  their  teridons  far  over  the  eye;  by  thefe  it 
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can  be  moved  upwards  and  downwards  ra^idicr 
, fide,  and  in  every  intermediate  diredion,  and  thus 
view  furrounding  objedls  without  moving  the  head. 
Jo  facilitate  thefe  motions,  a great  .quantity .of 
loofe  fat  is  placed  all  round  the  globe  of  the  eye, 
between  it  and  the  orbit.  Four  of  the  mufcles  are 
fbrait,  and  two  oblique;  of  the  two  flrait  mufcles, 
two  are  fituated  vertically  oppofite  one  another,  and 
the  other  two  horizontally.  Each  of  the  fix  has  a 
pi*opcr  name,  according  to  it’s  fituation  and  office. 

cannot  pafs  ovei  the  mufcles,  without  taking  no- 
tice of  a ftriking  inffance  of  defign  in  the  wife  dif- 
pofition  of  the  parts.  It  is  fometimes  ncceffary  to 
have  an  oblique  motion  of  the  eye,  towards  the 
nofe,  and  there  being  no  room  on  that  fide  for 
mufcles,  a fmall  bone  is  placed  on  the  fide  of  the 
nofe,  with  a hole  in  it,  to  lerve  as  a pulley,  throuo-h 
which  the  tendon  of  a mufcle  palfes  to  a convenient 
infertion,  and  thereby  fuch  an  oblique  motion  is 

given  to  the  eye,  as  w'ould  otherwife  have  been 
impolfible. 

The  eyes  are  placed  in  the  mofl  eminent  part 
of  the  body.,  near  the  brain,  the  feat  of  fenfation. 
from  their  elevated  iituation,  our  profped:  is  en- 
larged,^  and  the  number  of  objects  taken  in  at  one 
view,  increafed  w’c  command  an  ample  horizon 
on  earth,  and  a glorious  hemifphere  of  the  heavens. 

Every  part  ot  the  human  frame  affords  indif- 
putable  proofs  of  the  wifdom  and  beneficence  of 
it  s Creator,  becaufe  all  are  adapted  to  anfwer  in 
the  befl  manner  the  end  for  which  they  were  form- 
ed. ihus  the  globular  figure  of  the  eye  is  the  moff 
commodious  we  can  form  any  idea  ot;  the  S 
adapted  for  facilitating  the  various  motions  of  the 
eye,  for  containing  the  humours  within,  and  re- 
ceiving the  images  from  without. 

Many  are  the  advantages  that  are  derived  from 

Vor  iT  ^nowh,  others 
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that  are  unknown  ; for  the  correfpondence  of  the 
double  parts  in  the  human  frame,  and  their  relation 
to  the  two  great  faculties  of  the  human  mind,  has 
not  been  fufhciently  attended  to  by  anatomies. 
By  having  two  eyes,  the  fight  is  rendered  fironger, 
and  the  vifion  more  perfect ; for  as  each  eye  looks 
t]pon  the  fame  object,  a more  forcible  imprefiion 
is  made,  and  a livelier  conception  formed  by  the 
mind. 

The  eyes  together  view'  an  obje(5t  in  a different 
fituation  from  what  either  of  them  apart  would  do, 
and  enable  us  to  perceive  fmall  difiances  accurately. 
Hence  we  find,  that  thofe  who  have  iofi  the  fight 
of  one  eye,  are  apt  to  make  mifiakes  in  the  difiances 
of  objects,  even  within  arm’s  length,  that  are  eafily 
avoided  by  thofe  who  fee  with  both  eyes.  Such 
mifiakes  are  principally  feen  in  fnufling  a candle, 
threading  a needle,  or  in  filling  a tea-cup.  This 
aptnefs  to  misjudge  difiances  and  fituations  is,  how'- 
ever,  gradually  diminilhed  by  time  and  pradice. 

VVhen  an  objeefi  is  placed  at  a moderate  dif- 
tance,  wx  fee  more  of  it  by  means  of  the  two  eyes, 
than  w e polTibly  could  w ith  one  ; the  right  eye  fee- 
ing more  of  the  right  fide,  and  the  left  eye  more  of 
it’s  correfponding  fide.  Thus  by  both  eyes  wx  fee 
in  fome  meafure  round  an  objed:  and  it  is  this 
which  afiifis  in  giving  that  bold  relievo,  which  we 
fee  in  nature,  and  vvliich  no  painting,  how  exqiiifite 
foever,  can  attain  to.  The  painter  rinifi  be  con- 
tented wdth  fiiading  on  a fiat  furface ; but  the  eyes, 
in  obferving  natural  objeds,  perceive  not  only  the 
fhading,  but  a part  of  the  figure  that  lies  behind 
thofe  very  fiiadings.  The  perception  we  have  of 
difiance  with  one  eye,  as  w as  jufi  now  obierved,  is 
more  uncertain,  and  more  liable  to  deception,  than 
that  which  we  have  by  both  ; therefore,  if  the  fiiad- 
ing^  and  relief  be  executed  in  the  befi  manner,  the 
picture  may  have  almcfi  the  fame  appearance  to 

one 
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one  eye  as  the  objefts  thcmfelves  would  have,  but 
it  cannot  have  the  fame  appearance  to  both.  Thi^ 
is  not  the  fault  of  theartilL  but  an  imperfeeftion  in 
the  art. , To  remove  thefe  dcfedls,  the  connoifTeurs 
in  painting  look  at  a pi(flure  with  one,  eye  through 
a tube,  which  excludes  the  view  of  all  other  objedtSi 
If  the  aperture  in  the  tube  next  the  eye  be  fmall, 
we  have  no  means  left  to  judge  of  the  dillance  but 
the  light  and  colour,  which  arc  in  the  painter’s 
power."*^ 

An  objecfl  feen  with  both  eyes,  appears  a little 
brighter,  or  more  luminous,  than  it  does  when  feen 
with  one  alone,  as  will  be  evident  by  looking  alter- 
nately with  both  eyes  and  with  one  only:  and  the 
dilference  of  brightnels  will  be  ftill  more  manifefb, 
if  at  the  fame  time  that  a part  of  a flat  objedl,  of  an 
uniform  colour,  is  feen  with  both  eyes,  the  light 
from  the  adjacent  part  is  excluded  from  one  of 
them ; which  may  be  done,  by  applying  a book  to 
one  fide  of  the  head,  fo  that  it  may  reach  a little 
forwarder  than  the  face.  But  although  the  dilfe-» 
rence  of  brightnefs,  in  the  two  cafes,  is  very  per- 
ceptible, yet  it  is  not  very  conlidcrable,  nor  is  it 
eafy  to  determine  it  accurately.  Dr.  Jurin,  by  a 
variety  of  experiments,  concluded,  that  an  object 
feen  with  both  eyes,  appeared  only  one  thirteenth 
part  brighter,  than  when  feen  v/ith  one  alone. 

Our  eyes  have  an  uniform  or  parallel  motion^ 
by  which,  when  one  is  turned  to  the  right  or  left, 
upwards  or  downwards,  or  Itrait  forwards,  the  other 
always  goes  along  with  it  in  the  fame  direction. 
When  both  eyes  are  open,  wc  lind  them  always 
turned  the  fame  way,  as  if  both  were  adted  upon 
by  the  fame  motive  force.  This  phenomenon  Is 
the  more  lingular,  as  the  mufclcs  which  move  the 
two  eyes,  and  the  nerves  which  ferve  the  mufeies, 
are  entirely  cTifl inch,  and  unconnedlcd. 
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To  account  for  and  explain  the  caufe  of  this 
motion,  has  puzzled  the  philofopher,  and  embar- 
raffed  the  anatomift : that  it  originates  from  the 
grand  moving  principle,  or  generating  caufe  with- 
in us,  the  mind,  there  can  be  little  doubt ; but  how 
the  mind  operates,  to  produce  this  effect,  w^e  are 
altogether  ignorant.  Some  effectual  purpofes  are 
no  doubt  anfwered  by  this  motion,  for  nothing  is 
created  in  vain.  One  is  fuppofed  to  be  that  of 
feeing  objedls  fingle  that  are  viewed  with  both  eyes; 
for  there  are  two  pictures  formed  of  every  objed:, 
one  in  each  eye.  Hence,  if  any  of  the  mufclcs  of 
one  eye,  either  from  fpafin,  paralyfis,  or  any  other 
caufe,  is  reftrained  from  following  the  motion  of 
the  other,  every  objcCl:  will  be  feen  double.  The 
fame  effec^t  is  produced,  if,  while  we  are  looking  at 
any  object,  we  alter  the  diredlion  of  one  of  our  eyes, 
by  prelfing  it  afide  by  the  linger;  an  experiment 
frequently,  made  by  children,  who  are  generally 
delighted  with  any  uncommon  appearance. 

Whatever  maybe  the  caufe,  the -fact  is  certain, 
that  the  objedl  is  not  multiplied  as  well  as  the 
organ,  and  appears  but  one,  though  feen  with  two 
eyes  : another  inftance  of  the  Ikill  of  the  contriver 
of  this  noble  organ,  and  the  exquifite  art  he  em- 
ployed in  the  formation  of  it. 

Having  confidered  the  principal  external  parts 
of  the' eye,  and  fliewTi  that  they  are  framed  to  pro- 
ted  this  delicate  organ,  with  a care  ftricfly  propor- 
tioned to  it’s  curious  texture,  and  extenlive  ufeful- 
nefs,  that  it  is  fortified  with  lirong  bones,  lodged 
in  a deep  receptacle,  and  guarded  with  a moveable 
cover ; we  now^  proceed  to  treat  -of  the  internal 
parts,  or  thofe  which  conliitute  the  globe  of  the 
eye. 
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Of  the  Globe  of  the  Eve. 

If  the  con(lrud;ion  of  the  univerfe  were  not 
lo  evident  a proof  of  the  exigence  of  a fupremely 
wife  and  benevolent  Creator,  as  to  render  particu- 
lar arguments  unneceflary,  the  ftrudiure  of  the  eye 
might  be  offered  as  one,  by  no  means  the  leaf!:;  this 
inflance,  among  numberlefs  others,  demonffrating 
that  the  beft  performances  of  art  are  infinitely  Ihort 
of  thofe  which  are  continually  produced  by  the 
Divine  Mechanic. 

The  globe  of  the  eye,  or  the  organ  of  light, 
may  be  defined  in  general  as  a kind  of  cafe  confill- 
ing  of  feveral  coats,  containing  three  pellucid  hu- 
mours, which  are  fo  adjuffed,  that  the  rays  pro- 
ceeding from  luminous  objedfs,  and  admitted  at  a 
hole  in  the  fore  part  of  the  eye,  arc  brought  to  a 
focus  on  the  back  part  of  it,  where  they  fall  upon 
a foft  pulpy  fubffance,  from  whence  the  mind  re- 
ceives it’s  intelligence  of  vifible  objedls. 

It  is  not  to  be  expedted,  that  any  account  given 
of  the  eye  can  be  altogether  accurate ; for  as  it  is 
impoffible  to  examine  all  the  parts  of  the  eye  whilfl 
in  a natural  and  living  flate,  fo  is  it  alfo  nearly  im- 
poflible,  when  it  is  taken  out  of  it’s  focket,  to  pre- 
ferve  the  figure  of  the  parts  entire  ; a circumRancc 
which  accounts  for  the  difagreement  we  find  among 
anatomifls. 

Of  thE‘  Coats  of  the  Eye. 

The  eye  is  compofed  externally  of  three  coats 
or  teguments,  one  covering  the  other,  and  forming 
a ball  perfedfly  globular,  except  at  the  fore  part, 
w'hich  is  a little  more  protubcraiit  than  the  reff ; 
within  this  ball  arc  three  different  fubftances,  called 
humours. 

The  firft,  or  outer  coat,  is  called  the  fclcrotica; 
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the  fccond,  or  middle  one,  is  called  the  choroide^s } 
the  interior  one  is  named  the  retina. 

Sclerotica.  Cornea.  The  exterior  membrane, 
which  inclofes  and  covers  the  whole  eye,  is  called 
fclerotica  and  cornea:  it  is,  however,  (Iric’ily  fpeak- 
ing,  but  one  and  the  fame  membrane,  w'ith  diffe- 
rent names  appropriated  to  different  parts;  the 
hinder  and  opake  part  being  more  generally  deno- 
minated the  fclerotica,  the  fore  and  tranfparent  part 
the  cornea. 

The  fclerotica  is  hard,  elahic,  of  a white  co- 
lour, refembling  a kind  of  parchment;  the  hinder 
part  is  very  thick  and  opake,  but  it  grows  gradually 
thinner  as  it  advances  tov/ards  the  part  where  the 
w bite  of  the  eye  termiinates.  The  fore  part  is  thin- 
ner^ and  tranfparent ; it  is  alfo  more  protuberant  and 
convex  than  the  reft  of  the  eye,  appearing  like  a 
fegment  of  a fmall  fpherc  applied  to  a larger,  and 
is  called  cornea  from  it’s  tranfparency.  The  cornea 
is  thick,  ftrong,  and  infenfiblb;  it’s  tranfparency  is 
necelfary  for  the  free  admiftion  of  the  light.  This 
membrane  is  compofed  of  feveral  plates,  laid  one 
over  the  other,  repleniflied  with  a clear  water,  and 
pellucid  veftels  ; thefe  plates  arc  more  evidently 
cliftind  in  the  fore  than  the  hinder  part.  The 
fclerotica  is  embraced  on  it’s  outfide  by  fix  mufcles, 
by  whi  ch  the  eye  may  be  moved  in  any  diredion. 

Choroides.  Uvea.  Iris.  Under  the  fclerotica 
is  a membrane,  know  n by  the  name  of  the  choroides ; 
it  is  a foft  and  tender  coat  compofed  of  innume- 
rable veftels;  it  is  concentric  to  the  fclerotica, 
and  adheres  clofcly  to  it  by  a cellular  fubftance, 
and  many  veftels.  This  membrane  is  outwardly  of 
a.  brown  colour,  but  inwardly  of  a more  ruftet 
brown,  almoft  black.  Like  the  fclerotica,  it  isdif- 
lingui feed  by  two  difterent  names,  the  fore  part 
’.f)eing  called  the  uveay  while  the  hinder  part  re- 
tains the  narri''-*  of  the  choroides. 


The 
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The  fore  part  commences  at  the  place  where 
the  cornea  begins  : it  here  attaches  itfelf  more 
ftronglp  to  the  fclerotica  by  a cellular  fubflance, 
forming  a kind  of  vihite  narrow'  circular  rim:  the 
choroides  feparates  at  this  place  from  the  fclero- 
tica, changes  it’s  direi5lion,  turning,  or  rather  fold- 
ing, direcfily  inwards,  towards  the  axis  of  the  eye, 
cutting  the  eye  as  it  w’ere  tranfeerfely : in  the 
middle  of  this  part  is  a round  hole,  called  the  pupil, 
or  fight  of  the  eye  : the  pupil  is  not  exadlly  in  the 
middle  of  the  iris,  that  is  to  fay,  the  centers  of  the 
pupil  and  iris  do  not  coincide,  the  former  being 
a little  nearer  the  nofe  than  the  latter. 

This  part,  when  it  has  changed  it’s  direction, 
is  no  longer  called  the  choroides  ; but  the  anterior 
furface,  which  is  of  different  colours,  in  different 
fubjecls,  is  called  the  zm ; the  pofterior  furface  is 
called  the  tiveuy  from  the  black  colour  wdth  w'hich 
it  is  painted.  The  iris  has  a fmooth  velvet-like  ap- 
pearance, and  feems  to  confift  ot  fmall  filaments 
regularly  difpofed,  and  directed  towards  the  center 
of  the  pupil. 

The  eye  is  denominated  blue,  black,  &c.  ac- 
cording to  the  colour  of  the  iris.  Ihe  more  gene- 
ral colours  are  the  hazel  and  the  blue,  and  very 
often  both  thefe  colours  are  found  in  the  fame  eye. 
It  has  been  obferved,  that  in  general  thofe,  w^hofe 
hair  and  complexion  are  light-coloured,  have  the 
iris  blue  or  grey;  and  on  the  contrary,  thofe  whofe 
hair  and  complexion  are  dark,  have  the  iris  of  a 
deep  brown:  whether  this  occahons  any  difference 
in  the  fenfe  of  vifion,  is  not  difcovcrable.  Ihofe 
eyes  which  arc  called  black,  when  narrowly  in- 
fpeded,  are  only  of  a dark  hazel  colour,  appearing 
black,  becaufe  thev  are  contrafted  w ith  the  white 
of  the  eye.  “ The  black  and  the  blue  are  the  mofl 
beautiful  colours,  and  give  moff  fire  and  vivacity 
of  expreflion  to  the  eye.  In  black  eyes  there  is 

T 4 more 


2Ho  Lf.ctcres  on  Natural  Philosophy, 

more  force  and  impetiiofity ; but  the  blue  excel  in 
iVcetnefs  and  delicacy.” 

The  pupil  of  the  eye  has  no  determinate  fize, 
being  greater  or  fmaller,  according  to  the  quantity 
of  light  that  falls  upon  the  eye.  When  the  light  is 
firong,  or  the  vifual  obje6t  too  luminous,  we  con- 
tradl  the  pupil,  in  order  to  intercept  a part  of  the 
light,  vthich  would  otherwife  hurt  or  dazzle  our 
eyes ; but  when  the  light  is  weak,  we  enlarge  the 
pupil,  that  a greater  quantity  may  enter  the  eye, 
and  thus  m.ake  a Wronger  impreflion  upon  it.  This 
aperture  dilates  alfo  for  viewing  diftant  objects, 
and  becomes  narrower  for  fjch  as  are  near.  The 
cbntradtion  of  the  oupil  is  a ftate  of  violence,  ef- 
fedted  by  an  exertion  of  the  will : the  dilatation  is 
a’ remifTicn  of  power,  or  rather  an  intermifion  of 
volition.  The  latitude  of  contradtion  and  dilata- 
tion of  the  pupil  is  very  confiderable;  and  it  is 
very  admirable,  that  while  the  'pupil  changes  it’s 
magnitude  it  preferves  it’s  figure. 

Anatomiils  arc  not  agreed,  w^hether  the  iris  be 
compofed  of  two  fets  of  fibres,  the  orbicular  and 
radial,  or  of  cither.  Haller  fays,  he  could  never  dif- 
cover  the  orbicular  fibres,  even  with  a microfeope; 
the  radial  feem  vifible  to  the  naked  eye,  and  are 
fufheient  to  anfwer  all  the  piirpofes  required  in  the 
^notion  of  the  iris : w'hcn  the  pupil  is  contfadfed 
the  radial  fibres  are  frrait,  when  it  is  dilated  they 
are  drawn  into  ferpentine  folds. 

In  children  this  aperture  is  more  dilated  than 
in  grown  perfons.  In  elderly  people  it  is  ftill 
fmaller  than  m adults,  and  has  but  little  motion ; 

hence 

* A 

* Anatomifls  ohfcrvr,  that  in  animal?  oi*  both  beafls, 

anrl  birds,  the  pupil  is  round  as  in  man,  which  fits  them  to  fee  ^ 
every  way  ; but  in  large  animals  which  feed  on  grafs,  the  pupil 
16  oblong  horizontally.;*,  for  taking  in  a large  circular  fpace  of 
ground  : the  pupil  in  animals  of  the  cat  kind,  which  climb  trees,  \ 
'ind  w'ant  fo  look  upv\'ards  and  downwards,  is  oblong  vertically. 
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hence  it  is,  that  thofe  who  begin  to  want  fpciflacles, 
are  obliged  to  hold  the  candle  between  the  eye  and 
the  paper  they  read,  that  the  ftrong  light  of  the 
candle  may  force  their  rigid  pupils  into  fuch  a ftatc 
of  contraction,  as  ilhcnable  them  to  fee  diftinctly. 
Thofe  who  are  ihort-fighted,  have  the  pupils  of 
their  eyes,  in  general,  very  large;  whereas  in  thofe 
whofe  eyes  are  periedy  or  long-iighred,  they  arc 
fmaller. 

The  whole  of  the  choroi,des  is  opake,  by  which 
means  no  light  is  allowed  to  enter  into  the  eye, 
but  what  palfcs  through  the  pupil.  To  render  this 
opacity  more  perfed,  and  the  chamber  of  the  eye 
Pill  darker,  the  pofterior  furface  of  this  membrane 
is  covered  all  over  with  a black  mucus,  called  the 
pigmentum  nigrum.  This  pigment  is  thinned 
upon  the  concave  fide  of  the  choroides,  near  the 
retina,  and  on  the  fore  fide  of  the  iris;  but  is  thickeft 
on  the  exterior  fide  of  the  choroides,  and  the  inner 
fide  of  the  uvea. 

The  circular  edge  of  the  choroides,  at  that 
part  where  it  folds  inwards  to  form  the  uvea,  feems 
to  be  of  a dillerent  fubdance  from  the  reft  of  the 
membrane,  being  much  harder,  more  denfe,  and 
of  a white  colour  ; it  has  been  called  by  fome  wri- 
ters the  ciliary  circle,  becaufe  the  iigamentum 
ciliare  (of  which  we  ftiall  foon  fpeak)  arifes  from  it. 

Retina.  The  third  and  laft  membrane  of  the 
eye  is  called  the  retina,  becaufc  it  is  fpread  like  a 
net  over  the  bottom  of  the  eye  ; others  derive  the 
name  from  the  refemblance  of  the  net  which  the 
' gladiators  called  retiarii,  employed  to  entangle 
their  antagonifts.  k is  the  thinneft  and  lead 
folid  of  the  three  coats,  a fine  expanfton  of  the 
medullary  part  of  the  optic  nerve.  The  convex 
fide  of  it  lines  the  choroides,  the  concave  lide 
covers  the  furface  of  the  vitreous  humour,  termi- 
nating wheic  the  choroides  folds  inwards.  U 
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is  an  efiential  organ  of  vifion ; on  it  the  images 
of  objedts  are  reprcfented,  and  their  pidlurc 
formed.  This  membrane  appears  to  be  black 
in  infantSj  not  fo  black  at  the  age  of  twenty,  of 
a greyifli  colour  about  the  thirtieth  year,  and  in 
very  old  age  almoft  white.  The  retina,  however, 
is  always  tranfparent  and  colourlefs ; any  appa- 
rent changes,  therefore,  of  it’s  colour  muft  de- 
pend upon  alterations  of  the  pigmentmn,  wdiich  is 
feen  through  it. 

O 

Opiic  Nerve,  Behind  all  the  coats  is  lituated 
the  optic  nerve,  which  paiTes  out  of  the  fcull, 
through  a fmall  hole  in  the  bottom  of  the  orbit 
which  contains  the  eye.  It  enters  the  orbit  a lit- 
tle infledbed,  of  a figure  fomewhat  round,  but 
comprefied,  and  is  inferted  into  the  globe  of  the 
eye,  not  in  the  middle,  but  a little  higher  and 
nearer  to  the  nofe  ; an  artery  runs  through  the  optic 
lierve,  goes  firait  through  the  vitreous  humour, 
and  fpreads  itfelf  on  the  membrane  that  covers  the 
backfidc  of  the  cryfialline. 

Monf.  Mariotte  has  demonftrated,  that  our 
eyes  are  infenfible  at  the  place  where  the  optic 
nerve  enters  ; if,  therefore,  this  nerve  had  been 
fituated  in  the  axis  of  the  eye  itfelf,  then  the 
middle  part  of  every  objedt  would  have  been  in- 
vifible,  and  w'here  all  things  contribute  to  make 
us  fee  bed,  we  fliould  not  have  feen  at  all ; but 
it  is  wifely  placed  by  the  divine  artifl:  for  this  and 
other  advantageous  purpofes,  not  in  the  middle, 
but,  as  we  have  already  obferved,  a little  higher 
and  nearer  to  the  nofe. 

Of  the  Humours  of  the  Eye. 

The  coats  of  the  eye,  which  invefi:  and  fup- 
port  each  other,  after  the  manner  of  an  onion, 
or  other  bulboys  root,  include  it’s  humours,  by 

which 
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vhich  name  arc  imderftood  three  fiibftances,  the 
one  a folid,  the  fecend  a foft  bodv',  and  the  third 
truly  a liquor.  Thefe  fubflances  are  ot  fuch  forms 
and  tranfparency,  as  net  only  to  tranfmit  readil/ 
the  rays  of  light,  but  alfo  to  give  them  the  po- 
rtion beft  adapted  for  the  purpofes  of  vilion. 
They  are  clear  like  water,  and  do  not  tinge  the 
object  with  any  particular  colour. 

Aqueous  Humour.  The  molt  fluid  of  the  three 
humours  is  called  the  aqueous  one,  filling  the  great 
interface  between  the  cornea  and  the  pupil,  and 
alfo  the  final  1 fpace  extending  from  the  uvea  to 
the  cryftalline  lens  ; it  is  thin  and  clear  like  water, 
though  fomewhat  more  fpirituous  and  vifeous; 
it’s  quantity  is  fo  conliderable,  that  it  fwtlls  out 
the  fore  part  of  the  eye  into  a protuberance  very- 
favourable  to  vifion.  The  uvea  fwims  in  this 
fluid.  It  covers  the  forepart  of  the  cryftalline  ; 
that  part  of  this  humour,  which  lies  before  the 
uvea,  communicates  with  that  which  is  behind, 
by  the  hole  w'hich  forms  the  pupil  of  the  eye.  It 
is  included  in  a membrane,  fo  tcnjder,  that  it  can> 
not  be  made  vilible,  nor  preferved,  without  the 
moil  concentrated  lixivial  fluid. 

It  has  not  been  clearly  afeertained  wLence 
this  humour  is  derived  ; but  it’s  fource  muft  be 
plentiful  ; for  if  the  coat  containing  it  be  fo 
wounded  that  all  the  humour  runs  out,  aid  the 
eye  be  kept  clofed  f^or  a feafon,  the  wound  w ill 
heal,  and  the  fluid  be  recruited. 

The  colour  and  confiflence  of  this  humour 
alters  wdth  age ; it  becomes  thicker,  cloudy,  and 
iefs  tranfparcnt,  as  we  advance  in  \eirs,  which  is 
one  reafon^  among  others,  wdiy  many  elderly  peo- 
ple do  not  reap  all  that  benefit  from  fpc(^taclcs 
which  they  might  naturally  expedb. 

Cryfialline.  The  fecond  humour  of  the  eye 
is  the  ' cryjhilline^  wLich  is  as  tranfparcnt  as  the 

purefi; 
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purefr  crydal  ; and  though  Jcfs  in. quantity  than 
the  aqueous  humour,  yet  it  is  of  equal  weight, 
being  of  a more  denfe  and  folic  nature;  in  con- 
fiftency  it  is  fomewhat  like  a hard  jelly,  growing 
fofter  from  the  middle  outwards.  It’s  form  is 
that  of  a double  convex  lens,  of  unequal  convexi- 
ties, the  moft  convex  part  being  received  into  an 
equal  concavity  in  the  vitreous  humour. 

The  crylfalline  is  contained  in  a kind  of  cafe, 
or  capiule,  the  fore  part  of  which  is  very  thick 
and  elaftic,  the  hinder  part  is  thinner  and  fofter. 
This  capfule  is  fufpended  in  it’s  place  by  a muf- 
cle  called  ligamentum  ciliare^  which,  together  with 
the  cryftaliine,  divides  the  globe  of  the  eye  into 
two  unequal  portions  ; the  firh:  and  fmaller  one 
contains  the  aqueous  humour,  the  hinder  and 
larger  part  the  vitreous  humour.  The  cryftaliine 
has  no  vifible  communication  wdth  it’s  capfule, 
for  as  foon  as  this  is  opened  the  humour  within 
Hips  clean  out. 

The  cryftaliine  is  placed  fo,  that  it’s  axis 
correfponds  with  that  of  the  pupil,  and  confe- 
quently  it  is  not  exadtly  in  a vertical  plane  divid- 
ing the  eye  into  two  equal  parts,  but  fomewLat 
nearer  the  nofe.  It  is  formed  of  concentric  plates 
or  fcales,  fucceeding  each  other,  and  thefe  fcales 
are  formed  of  fibres  elegantly  figured,  and  wound 
hp  in  a ftiipendous  manner;  thefe  are  conne<fted 
by  cellular  fibres,  fo  as  to  form  a tender  cellular 
texture.  Between  thefe  fcales  is  a pellucid  li- 
quor, which  in  old  age  becomes  of  a yellow  co- 
lour. The  innerrnoft  fcales  lie  clofer  together, 
and  form  at  laft  a fort  of  nucleus,  harder  than  the 
reft  of  the  lens.  The  cryftalljnc  has  no  vifible 
communication  with  it’s  capfule,  jo  that  wlicn 
this  is  opened,  it  readily  flips  out  : fomc  lay,  that 
a fmall  quantity  of  water  is  cflufed  round  it. 
Lecuv.  cnljoeck  has  computed  that  there  are  near 
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two  thoufand  laminio,  or  fcales,  in  one  cryflalline, 
and  that  each  of  thefe  is  made  up  of  a,  finglc 
fibre,  or  fine  thread,  running  this  way  and  that, 
in  feveral  courfes,  and  meeting  in  as  many  centers, 
and  yet  not  interfering  with,  or  crofling  each 
other. 

The  yellow  colour,  wherewith  the  cryflalline. 
is  more  and  more  tinged  as  we  advance  in  years, 
mult  make  all  objects  appear  more  and  more 
tinged  with  that  colour:  nor  does  our  bein^y  in- 
fenlible  of  any  change  in  the  colour  of  objedls, 
prove  to  us  that  their  colour  continues  the  fame ; 
for  in  order  that  we  fliould  be  fenfible  of  this 
change,  the  tindture  muft  not  only  be  confider- 
able,  but  it  muft  happen  on  a fudden,  as  will  be* 
more  fully  explained  hereafter.  In  the  cataradl 
it  is  opake ; the  feat  of  this  diforder  is  in  the 
cryftalline  lens. 

Vitreous  Humour,  The  vitreous  is  the  third 
humour  of  the  • eye ; it  receives  it’s  name  from 
it’s  appearance,  which  is  like  that  of  melted  glafs. 
It  is  neither  fo  hard. as  the  cryftalline,  nor  lb  li- 
quid as  the  aqueous  humour ; it  fills  the  greateft 
part  of  the  eye,  extending  from  the  infertion  of 
the  optic  nerve  to  the  cryftalline  humour.  It  fup- 
ports  the  retina,  and  keeps  it  at  a proper  diftance 
for  receiving  and  forming  diftindt  images  of  ob- 
jedls. 

The  vitreous  humour  is  contained  in  a very 
thin  pellucid  membrane,  and  concave  at  it’s  fore 
part,  to  receive  the  cryftalline  ; at  this  place  it’s 
membrane  divides  into  two,  the  one  covering  the 
cavity  in  which  the  cryllalline  lies,  the  other* 
pafting  above,  and  covering  the  fore  part  of  the 
cryftalline,  thus  forming  a kind  of  fheath  for^ 
the  cryftalline.  7 he  ftibric  of  the  vitreous  hu- 
mour is  cellular,  the  fubllance  of  it  being  divi-^ 
ded  by  a very  fine  tranfparent  membrane  into  ccl- 

' . 2 lules. 
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lules,  or  little  membranous  compartments,  con- 
taining a very  tranfparent  liquor. 

Li^iwientum  Ciliare,  There  is  fl.il  1 one  part 
to  be  dd'eribed,  which,  though  very  delicate  and 
fmall,  is  of  great  importance  ; it  is  called  the 
ligamentum  ciliare,  becaufe  it  is  compofed  of 
fmall  filaments,  or  fibres,  not  unlike  the  cilia, 
or  eyclalhes  ; thefe  fibres  arife  from  the  infide  of 
the  choroides,  all  round  the  circular  edge,  where 
it  joins  the  uvea ; from  whence  they  run  upon 
the  fore  part  of  the  vitreous  humour,  at  that  place 
where  it  divides  to  cover  the  cryfialline;  thofe 
fibres  are  at  fome  difiance  from  one  another,  but 
the  interfiices  are  filled  up  with  a dark-coloured 
mucus,  giving  it  the  appearance  of  a black  mem- 
brane. 

Of  the  Figure  representing  the  Eye, 

Figure  i,  reprefents  a fedion  of  the  eye 
through  the  middle,  by  an  horizontal  plane  pafiing 
through  both  eyes ; the  diameter  of  the  figure 
is  about  tw  ice  the  diameter  of  the  human  eye. 

The  outermoft  coat,  which  is  called  fclerottcdy 
is  reprefented  by  the  fpace  between  the  two  exte- 
rior circles  BFB;  the  more  globular  part,  ad- 
joining to  the  fclerotica  at  the  points  B B,  re- 
prefented  by  the  fpace  between  the  tw’o  circles 
at  BAB,  is  the  cornea. 

The  next  coat  under  the  fclerotica  is  a mem- 
brane of  lefs  firmnefs,  reprefented  by  the  two 
innernioft  circles  of  BFB,  and  called  the  cho- 
youies. 

Adjoining  to  the  choroides,  at  B B,  is  a flat 
mcrrvbranc,  called  the  uvea.  a a is  the  pupil,' 
being  a fmall  hole  in  the  uvea,  a little  nearer  the'^ 
nafe  than  the  middle. 
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V t\\Q-opiic  yurve ; the  fibres  of  this  nerve, 
after  their  entrance  into  the  eye,  fpread  them- 
felves-  over  the  choroides,  forming  a thin  mem- 
brane, called  the  retina,  and  is  reprefented  in 
the  figure  by  the  thick  lhadc  contiguous  to  the 
circle  B F B.  - ’ 

E E is  the  cryftalline  humour ; it  is  fufpended> 
by  a inufcle  BbbB,  called  the  ligamentiim  cili-> 
are.  This  mufcle  arifes  behind  the  uvea  at  BB  ; 
where  the  fclerotica  and  cornea  join  together  at 
b b,  it  enters  the  capfula,  and  thence  fpreads  over 
a great  part  of  it’s  anterior  furface. 

The  aqueous  humour  occupies  the  fpace 
BABbCb. 

The  larger  fpace  BbDbBF  contains  the 
vitreous  humour.  1 

The  foregoing  defeription,  I prefumc,  will 
be  found  fufficient  to  give  a general  idea  of  the 
conftruction  of  this  v/onderful  organ : for  a ful- 
ler account  I mulh  refer  you  to  the  writers  on 
anatomy.  Enough  has  been  exhibited  to  fliew  with 
w hat  art  and  wifdom  the  eye  has  been  conftruded. 

And  he  mufc  be  very  ignorant  of  it’s  f rudture, 
or  have  a Frange  caft  of  underftanding,  who  caji 
ferioully  doubt,  whether  or  not  the  rays  of  light  and, 
the  eye  were  made  for  one  another,  with  confum- 
mate  wirdom,  and  perfedl  fRill  in  optics.” 

If  we  Ihould  fuppofe  an  order  of  beings  en- 
dued with  every 'human  faculty  but  that  of^lip-ht,. 
how  incredible  would  it  appear  to  fuch  beings,  ac- 
CLifiomcd  only  to  the  flow  information  of  touch, 
that,  by  the  addition  of  an  organ,  coniilfing  of  a 
ball  and  focket  of  an  inch  diameter,  they  might  be 
. enabled,  in  an  inhant  of  time,,  without  changing 
their  place,  to  perceive  the  difpofition  of  a whole 
army,  the  order  of  a battle,  the  figure  of  a magni- 
ficent palace,  or  all  the  variety  of  a beautiful  land-., 
feape?  If  a man  were,  by  feeling,  to  find  out  the 

figure 
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figure  of  the  Peak  of  Teneriffe,  or  even  of  St, 
Peter’s  church  at  Rome,  it  would  be  the  w’ork  of 
' d life-time.' 

“ It  would  appear  ftill  more  incredible  to  fuch 
beings  as  we  have  fuppofed,  if  they  were  informed 
of  the  difcoveries  w'hich  may  be  made  by  this 
little  organ,  in  things  far  beyond  the  reach  of  any 
other  fenfe.  That,  by  means  of  it,  we  can  find  our 
way  on  the  pathlefs  ocean,  traverfe  the  globe  of 
the  earth,  determine  it’s  fize  and  figure,  meafure 
the  planetary  orbs,  and  make  difcoveries  in  the 
fphere  of  the  fixed  ftars. 

Would  it  not  appear  flill  more  aflonifhing 
to  thefe  beings,  if  they  fhould  be  further  informed, 
that  by  means  of  this  organ  w^e  can  perceive  the 
tempers  and  difpofitions,  the  affedlions  and  pafiions, 
of  our  fellow-creatures,  even  when  they  want  moft 
to  -conceal  them  ? that  by  this  organ  we  can  often 
perceive  what  is  ftrait  and  crooked,  in  the  mind  as 
well  as  the  body?  that  it  participates  of  every 
mental  emotion,  thefoftcll  and  moft  tender,  as  well 
as  the  moft  violent  and  tumultuous?  that  it  exhi- 
bits >thefe  emotions  with  force,  and  infufes  into  the 
foul  of  the  fpedator  the  fire  and  the  agitation  of 
that  mind  m which  they  originate?  To  many 
myfterious  things  muft  a blind  man  give  credit,  if 
he  will  believe  the  relations  of  thofe  that  fee  ! his 
faith  muft  exceed  that  which  the  poor  fceptic  de- 
rides as  impofiible,  or  condemns  as  abfurd. 

‘"It  is  not,  therefore,  without  reafon,  that  the 
faculty  of  feeing  is  looked  upon  as  more  noble 
than  the  other  fenfes,  as  having  fomething  in  it 
fuperior.to  fenfation,  as  the  fenfe  of  the  undcr- 
fianding,  the  language  of  intelligence.  The  evi- 
dence of  reafon  is  called  jeeingy  not  feeling,  fmell- 
ing,  tailing;  nay,  we  exprefs  the  manner  of  the 
divine  knowledge  hy  feeing,  as  that  kind  of  know- 
ledge which  is  the  moft  perfect  in  ourfelves.”*  . 


* Reid’s  lnq\iiry  into  the  Human  Mind, 


N aTure  AND  Properties  OF  Light.  289 


Of  Vision. 

The  reprefentation  of  objedls  lipon  a fheet  of 
paper,  by  means  of  a lens  placed  at  a. hole  in  a win- 
dow-fluitter,  is  exceedingly  firnilar  to  what  hap- 
pens to  our  eyes  when  we  view  objects.  For  vi- 
fion,  fo  far  as  our  eyes  are  concerned,  confifts  in 
nothing  but  fuch  a refradtion  of  the  rays  of  light  by 
the  tranfparent  Ikins  and  humours  of  the  eye  as  will 
form  a diftindt  pidlure  of  the  objedt  on  the  retina. 
For  the  ftrudture  of  the  eye  plainly  indicates,  that 
in  order  to  attain  diltindt  vilion,  it  is  necelTary  that 
a certain  quantity  of  rays  from  every  vifible  point 
of  an  objedt  ibould  be  united  at  the  bottom  of  the 
eye,  and  that  the  points  of  union  of  the  rays  of  the 
* different  pencils  fliould  be  as  diltindt  and  feparate 
as  polTible. 

The  eye  is  admirably  contrived  for  effedting 
thefe  purpofes  : all  the  rays  coming  from  any  vifible 
point  of  an  objedt,  that  can  enter  the  pupil,  are 
united  clofely  together  upon  the  retina,  and  there- 
by make  a much  more  powerful  and  ftronger  im- 
prcHion  than  a lingle  ray  alone  could  do ; to  anfwer 
this  purpofe,  the  retina  is  placed  at  a proper  dif- 
tance  behind  the  refradting  furfaces,  and  each  pen- 
cil of  rays  is  refradted  orderly  into  diltindt  focufes, 
that  the  whole  objedt  may  be  diltindily  feen  at  the 
fame  inffant. 

Thefe  effedts  are  owing  to  the  refradtion  of  the 
rays  of  light ; for  if  thefe  rays  were  not  fo  refracT:- 
cd,  very  few  of  them  would  Itrike  upon  the  lealt 
fenlible  point  of  the  vilionary  nerve,  and  the  rays 
from  different  objedts,  or  from  different  parts  of 
the  fame  objedts,  w'ould  ftrike  at  the  fame  place  at 
once,  and  thus  create  an  indiltindtncls  equal  to 
blindnefs. 

When  the  light  is  weak  or  ftrong,  the  pupil  is 
VoL.  II.  U accordingly 
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accordingly  enlarged  or  contraded,  for  the  admif- 
fion  of  more  or  fewer  rays,  that  the  impreflions  oh 
the  retina  may  be  rendered  fuitable  to  the  refpec^ 
tive  cafes. 

As  the  cryflalline  humour  is  denfeft  in  the 
middle,  it  is  highly  probable  that  it  is  not‘equally 
refraclive.  This  difference  in  denfity  of  the  con- 
ftituent  parts  of  the  cryflalline  is  admirably  con- 
trived for  corrcding  the  aberration  from  it’s  figure, 
as  well  as  that  of  the  cornea.  The  more  remote 
rays  of  each  pencil,  by  paffing  through  a medium 
gradually  diminilliing  in  denlity  from  the  middle 
towards  the  extremes,  have  their  focufes  gradually 
lengthened,  which  corred  the  aberrations  of  the 
figure,  that  fo  they  may  unite  nearer  together.  The 
concave  fio;ure  of  the  retina  is  fomewhat  fervice- 
able  for  the  fame  purpofe. 

It  is  by  no  means  eafy  to  determine  with 
accuracy  the  meafure  of  refradion  of  the  different 
humours  of  the  eye ; from  fuch  experiments  as 
could  be  made,  it  has  been  found  that  the  refrac- 
tive powers  of  the  aqueous  and  vitreous  humours 
are  much  the  fame  with  common  water,  and  that 
of  the  cryflalline  a little  greater. 

The  cornea  and  aqueous  humour  being  fuppo- 
fed  to  have  the  fame  refradive  powers,  all  three 
may  be  confidered  as  one  denfe  medium,  whofe  re- 
fradive furface  is  the  cornea;  and  the  cryflalline 
humour  may  be  conlidered  as  a convex  lens,  placed 
in  a given  pofition,  within  the  laid  medium. 
Whence  the  humours  of  the  eye  all  together  make 
a kind  of  compound  lens,  whofe  effect  in  refrad- 
ing  rays,  having  a given  focus  of  incidence,  is  eafily 
found  by  the  laws  of  optics.  ml 

I have  conflruded  three  models  to  explain  the 
adion  of  the  rays  of  light  upon  the  eye.  Thdc 
models  are  reprefented  at  Jig.  8 and  9,  pi.  3 ; jig.  lo* 
■pi.  4,  The  rays  of  light  are  here  formed  of  filk 
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firings  of  different  colours;  the  globe  of  the  eye  is 
reprefented  by  a glafs  ball.  8,  pi.  3,  is  the  na- 
tural (late  of  the  eye.  Fig.  9,  pi.  3,  reprefents  the 
rays  falling  fhort  of  the  retina  for  a fhort-fighted 
eye.  Fig.  10,  pi.  4,  exhibits  the  adlion  of  the  rays 
in  a long-lighted  eye.  Let  P Q R,  fig.  8,  pi.  3,  be 
an  object;  then  the  pencils  of  light  B P B,  B Q B, 
B R B,  from  the  points  P Q R,  are  firll  refradledby 
the  cornea,  fo  as  to  belong  to  focufes  behind  the 
eye ; then  by  the  anterior  furface  of  the  cryffallinc 
humour,  they  are  again  refracled  towards  focufes 
nearer  to  the  eye  than  before ; and  laflly,  in  going 
out  of  the  cryffalline  into  the  vitreous  humour, 
they  are  again  refracted,  fo  as  to  unite  in  the  points 
pqr.  In  like  manner,  the  pencils  of  rays  coming 
to  the  cornea  from  every  phyilcal  point  of  the  ob- 
jedt  P O R,  are,  by  the  different  refradling  furfaces 
of  the  eye,  brought  orderly  to  unite  upon  the  re- 
tina, and  there  form,  as  it  were,  an  image  pqr  of 
' the  objed,  but  in  an  inverted  pofition ; the  upper 
part  of  the  objedt  being  painted  upon  the  lower 
part  of  the  retina,  the  right  fide  of  the  objedf  upon 
the  left  of  the  retina,  and  fb  of  other  parts.  Thus 
the  cavity  of  the  eye  is  a kind  of  camer-'a  objeura^ 
the  cornea  and  cryllallinc  making  a fort  of  com- 
pound lens,  whofe  aperture  is  limited  by  the  breadth 
a a of  the  pupil.  And  that  the  parts  of  the  eye  are 
adapted  to  produce  fuch  an  image,  niay  be  proved 
by  experiment : for  if  the  tunica  fclerotica  be  taken 
away"  from  the  back  of  an  eye  newlyx  taken  out  of 
the  head  of  any  animal,  and  this  eye  be  placed  in 
a hole  made  in  the  window-fhutter  of  a dark  room, 
lo  that  the  bottom  of  the  eye  be  towards  you,  a 
beautiful,  but  inverted,  picture  of  external  objeCts 
will  be  exhibited,  painted  in  the  moft  lively  co- 
lours. 

If  the  humours  of  the  eye,  by  age,  or  any  other 
caufc,  ihrink  and  decay,  the  cornea  and  cryllalline 
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grow  flatter  than  before ; and  the  rays  not  being 
fufhciently  bent,  arrive  at  the  retina  before  they  are 
united  in  their  focus,  and  meet  in  fome  place  be- 
hind it,  fig.  13^  pi.  4,  and  therefore  form  an  im- 
perfect picture  at  the  bottom  of  the  eye,  and  exhi- 
bit the  object  in  a confufed  and  indiflin^ft  manner. 
This  defect,  of  which  we  fhall  treat  more  particu- 
larly hereafter,  is  remedied  by  fpeCtacles  with  con- 
vex glalTes,  which,  by  increafmg  the  refraCtion  of 
the  rays  of  light,  caufe  them  to  converge  more,  and 
thus  convene  diflinCtly  at  the  bottom  of  the  eye. 

On  the  other  hand,  ‘if  the  cornea  and  cryftal- 
line  be  too  convex,  the  rays  unite  before  their  ar- 
rival at  the  retina,  fee  fig,  9,  pL  3;  and  the  image 
thereon  is  of  courfe  indiftincl.  This  defeCl,  like  the 
preceding  one,  may  be  remedied  by  the  ufe  of 
glafles,  though  of  a contrary  figure ; for  here  they 
mufl:  be  concave,  inflead  of  convex : a lens,  of  a 
proper  concavity,  placed  before  the  eye,  will  makc 
the  rays  diverge  fo  much  more  than  they  do  in  their 
natural  ftate,  as  will  caufe  them  to  meet  at  the 
retina. 


Of  the  Artificial  Eye. 

If  the  eye  of  an  animal  be  taken  out,  and  the 
fkin  and  fat  be  carefully  ftripped  off  from  the  back 
part  of  it,  till  only  the  thin  membrane,  which  is 
called  the  retina,  remains  to  terminate  it  behind, 
and  any  objeCt  be  placed  before  the  front  of  the 
eye,  the  picture  of  that  objeCt  will  be  feen  figured 
as  with  a pencil  on  the  retina.  There  are  thoufands 
of  experiments  which  prove  that  this  is  the  me- 
chanical efteCt  of  vilion  ; but  none  of  them  which 
render  it  fo  evident  as  this  with  the  eye  of  an  ani- 
mal : an  eye  of  an  ox  newdy  killed,  Ihews  it  happily, 
and  with  very  little  trouble. 

The  optical  eflecls  of  vifion  may  be  very  plea- 
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fingly  and  fatisfadorily  iliuftrated  by  the  inftru- 
ment  which  is  called  an  artijicicil  eye^  and  which 
has  been  lately  conliderably  improved  by  Mr. 
Smith. 

The  artificial  eye  is  fo  conftriided  as  not  only 
to  fhew  the  optical  effedls  of  vilion,  but  to  give  alfo 
an  accurate  idea  of  it’s  conformation.  It  is  one  of 
the  mofl  perfed:  and  latisfadory  inftruments  in  a 
philofophical  apparatus. 

The  part  reprefenting  the  globe  of  the  eye, 
and  containing  the  humours,  is  fixed  in  a focket 
where  it  may  be  moved  in  any  diredion.  This 
focket  is  fixed  to  a fcreen  to  lliade  the  eye,  that  the 
piidure  formed  on  the  back  part  may  be  more  dif- 
tind:  the  hole  in  the  front  of  the  fcreen  is  fhaped 
and  coloured  fo  as  to  exhibit  nearly  the  form  of 
our  eye. 

Take  the  eye  in  your  hand,  and  turn  it  to- 
wards any  bright  objcd,  at  a moderate  diftance, 
and  you  will  fee  a lively,  beautiful,  difiind,  but  in- 
verted pidurc  of  the  objed  before  it,  on  the  rough 
part  of  the  glafs  reprefenting  the  retina. 

Unfcrew  the  cover  that  confines  the  ball  of 
the  eye,  and  take  it  out  that  we  may  dilTed  it. 
The  outermoft  coat  reprefents  the  fclcroiica,  the 
more  protuberant  part  is  the  cornea. 

This  being  removed,  you  find  a plano-convex 
lens,  reprefenting  tke  firft  chamber  of  the  aqueous 
humour;  under  this  is  a flat  piece  of  tortoifefliell,  to 
reprefent  the  /m,  with  a hole  in  the  middle  for  the 
pupil ; this  being  removed,  you  find  a plano-con- 
cave lens,  forming  l\iQ  fe con d chamber  ot  the  aque- 
ous humour.  Now  take  off  the  fecond  coat,  or  the 
choroides,  and  you  v/ill  find  a fmall  lens,  whole 
fldes  are  of  uncq\ial  convexities,  to  reprefent  the  erv- 
Jialline  humour;  underneath  this  is  a large  glafs  of 
the  fliape  EDEV, 10,  p/.  3,  occupying  the  reft 
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of  the  globular  fpace,  and  anfvvering  to  the  vitreous 
humour. 

To  reprefent  the  nature  of  vifion  in  a long- 
lighted  eye,  I fubflitute  a plano-convex  lens  for  the 
fird:  chamber  of  the  aqueous  humour,  whofe  con- 
vexity is  lefs  than  that  we  ufed  before.  Turn  the 
eye,  in  this  ftate,  towards  a bright  objed:,  and  you 
find  the  image  thereof  is  very  imperfed  on  the  re- 
tina ; but  on  ^ipplying  a proper  fpedacle  glafs  be- 
fore the  eye,  you  obtain  a perfed  image. 

By  fubftituring  a more  convex  lens  for  the  firft 
chamber  of  the  aqueous  humour,  we  have  a diort- 
fighted  eye,  and  an  imperfed  pidure  on  the  retina : 
by  placing  a proper  concave  lens  before  the  eye, 
the  rays  are  rendered  lefs  convergent,  and  made  to 
unite  at  the  retina,  and  there  form  a dilfind  image 
of  the  objeds  as  before. 

Of  the  inverted  Position  of  the  Image. 

If  vifion  be  owing  to  the  pidure  on  the  retina, 
it  may  be  alked,  why  the  objed  appears  in  it’s  na-- 
tural  upright  pojition  f how,  when  nature  draw's  the 
pidure  the  wrong  way,  her  errors  are  fo  readily 
correded  ? 

If  it  were  as  eafy  a taflc  to  give  a fatisfadory 
explanation  of  this  abffrufe  queftion,  as  it  is  to  hart 
objedions  to  every  fyftem  hitherto  fuggehed,  tp' 
account  for  the  operations  of  the  mind  on  the  body, 
and  the  body  on  the  mind,  it  would  have  been  ex- 
plained long  ago.* 

The  difficulty  would  be  hill  greater,  if  it  was 
the  pidure  we  faw,  and  not  the  objed ; but  the 
pidure  is  not  Jeen  at  ally  the  eye  can  fee  no  part  of 
itfelf  j the  picture  is  the  inhrument,  by  means  of 

which 

* See,  on  this  fubjeft,  Reid  on  the  Mind,  Porterfield  on  the 
Eve,  Hartley  on  Man,  Bonnet's  EH'ai  Anulytique  fur  I’Ame, 
Berkeley  on  Vilion,  Sec,  &c. 


Nature  and  Properties  of  Light.  295 

^’hich  the  objedl  is  perceived  ; but  it  is  not  per- 
ceived itfelf;  the  indruinent  neitlTcr  perceives, 
compares,  nor  judges;  theic  are  powers  peculiai  to 
that  pfycological  unity  which  we  call  the  mind.  ^ 

It  is  abfolutely  nccclTary,  in  confidcring  this 
fubjedt,  to  diftinguilh  between  the  organ  of  per- 
ception, and  the  being  that  perceiv^es.  A man  can- 
not fee  the  fatellites  of  Jupiter,  iinlefs  alhded  by  a 
telefcope  i docs  he  therefore  conclude  from  this, 
that  it  is  the  telefcope  that  fees  thole  fatellites?  By 
no  means ; the  conclulion  would  be  abfurd . nor 
would  it  be  lefs  abfurd  to  conclude,  that  it  is  the 
eye  that  fees  : the  eye  is  a natural  organ  of  light, 
but  the  natural  organ  fees  as  little  as  the  artificial. 

Our  fenfes  are  inftruments,  fo  framed  by  the 
Author  of  our  being,  that  they  correfpond  with, 
or  have  a determined  relation  to,  thofe  qualities  in 
objeds  which  they  are  to  manifefl:  to  us.  It  is  thus 
with  the  eye;  it  is  an  inlfrument  molt  admirably 
contrived  for  manifefting  vilible  objeds  to  the 
mind  ; for  this  purpofe,  it  refrads  the  rays  of  light, 
and  forms  a pidure  upon  the  retina;  but  it  neither 
fees  the  objed,  nor  the  pidure.  The  eye  wdll  re- 
frad  the  rays  of  light,  and  form  the  pidure,  after 
it  is  taken  out  of  the  head,  but  no  vifion  enfues. 
Even,  when  it  is  in  it’s  proper  place,  and  perfedly 
found,  an  obftrudion  in  the  optic  nerve  takes  away 
vilion,  though  the  eye  has  performed  all  it’s  funo 
tions. 

.We  know,  indeed,  how^  the  eye  forms  a pidure 
of  vifibleobjeds  on  the  retina;  but  how’  this  pidure 
makes  us  fee  objeds,  w^e  know  not;  and  if  experi- 
ment had  not  informed  us  that  fuch  a pidure  w'as 
necelTary,  we  Ihould  have  been  entirely  ignorant  of 
it.  The  feat  of  fenfation,  wherever  it  is  placed, 
does  not  appear  to  be  paffivc  in  receiving  images ; 
the  images  are  the  occafion  of  it’s  re-adion,  and 
direding  a ray  from  itfelf  towards  every  objed  it 
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perceives;  and  this  adion  and  re-aciionare  recipro-. 
cal.  Hence  we  often  fee  objefls  when  the  eye  is 
turned  from  them,  and  often  do  not  fee  the  objedl 
on  which  the  eye  is  turned,  if  the  attention  be 
other  wife  engaged. 

The  pidures  upon  the  retina  are,  however,  a 
mean  of  vifion ; for  fuch  as  the  picture  is,  or  fuch 
as  the  a6lion  of  the  rays  of  light  is  on  the  retina, 
fuch  is  the  appearance  of  the  objed:  in  colour  and 
figure,  diftindnefs  or  indiftindnefs,  brightnefs  or 
faintnefs ; but  as  we  are  totally  ignorant  of  the 
mechanifm  of  the  mind,  or  of  the  organization  of 
the  mental  eye,  we  cannot  fay  how  this  effed;  ope- 
rates, and  can  only  conclude,  that  the  natural  eye 
is  an  infirument  of  vifion. 

It  appears  very  clear  from  Dr.  Darwin’s  ex- 
periments, that  the  retina  is  often  in  an  aflive  ftate,.. 
and  that  upon  the  aflivity  of  this  organ  many  of 
the  phenomena  of  vifion  depend ; an  imprefiion  on 
the  retina  being  firfl  m.ade  by  an  adtive  power, 
which  produces  a conformable  change  and  re- 
adion,  that  pafies  diredly  to  the  fenforium,  occa- 
fioning,  though  in  an  unknown  manner,  the  per- 
ception cf  objeds. 

On  a fubjed,  therefore,  confelTedly  fo  obfcure, 
and  which  is  perhaps  beyond  the  limits  of  human 
conception  in  it’s  prefent  fiate,  every  explanation 
mufl;  be  imperfed,  every  iiluftration  inadequate. 
Among  the  various  attempts  of  human  fagacity,  to. 
fhew  w'hy  an  inverted  image  is  the  mean  of  exhi- 
biting objeds  to  the  mind  in  an  upright  pofition, 
the  following  is  perhaps  one  of  the  leaft  imperfed. 

Every  point  of  an  objed  is  feen  in  the  diredion 
of  a right  line,  paffing  from  the  pidure  of  that 
point  on  the  retina,  through  the  center  of  the  eye, 
to  the  objed  point ; and,  therefore,  fuch  points  in- 
dicate to  the  mind  the  exifience  of  the  objed  point, 
^iid  it’s  true  fituation ; and  of  courfe,  that  the  ob-r 
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jedl,  whofe  pidlure  is  lowed  on  the  retina,  mud: 
be  feen  in  the  highed  dire8ion  from  the  eye  ; and 
that  objeid,  whofe  picture  is  on  the  right  of  the 
retina,  mud  be  feen  on  the  left : fo  that  by  a na- 
tural law  of  our,x:onditution,  "we  fee  objedts  eredt 
by  inverted  images,  and  if  the  pidtures  had  been 
eredt  on  the  retina,  we  fhould  have  feen  the  objedl 
inverted.* 

But  fuppofing  the  preceding  illudration  to 
be  the  true  one,  and  quite  fatisfadtory,  many 
difficulties  dill  remain,  to  perplex  the  philo- 
fopher,  and  embarrafs  the  anatomid.  There 
are  parts  of  the  eye  which  affid  in  perfedt- 
ing  the  organ  of  vidon,  whofe  nature  and  func- 
tions are  among  the  defiderata  of  fcience.  We 
are  ignorant  of  the  office  of  the  optic  nerve, 
or  in  what  manner  it  performs  that  office.  That 
it  has  fome  part  in  the  faculty  of  feeing,  is  evi- 
dent ; becaufe  in  an  amaurofis,  which  is  faid  to 
be  a diforder  of  the  optic  nerve,  the  piflures  on 
the  retina  are  clear  and  didined,  and  yet  there  is 
no  vidon. 

We  know  dill  lefs  of  the  ufe  and  fundlions 
of  the  choroid  membrane;  it  is  necedary,  how- 
ever, to  vidon  ; for  it  is  well  known,  that  a pic- 
ture upon  that  part  of  the  retina  where  it  is  not 
covered  with  the  choroid,  namely,  at  the  entrance 
of  the  optic  nerve,  produces  no  more  vidon  than 
a pidlure  upon  the  hand.f  There  are,  therefore, 
other  material  organs,  whofe  operations  are  ne- 
cedary  to  feeing,  even  after  the  pidtures  upon  the 
retina  arc  formed;  whenever  we  become  acquainted 

with 
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+ This  is  not  conclufive,  for  where  there  is  no  choroid,  thercs 
is  no  retina,  the  optic  nerve  being  not  yet  expanded  into  that 
membrane.  If  the  choroid  was  taken  away  from  behind  the 
retina,  there  is  reafon  to  believe  that  yifion  would  dill  take 
place. 
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with  the  ufe  of  thcfe  parts,  more  links  of  the 
chain  will  be  brought  into  our  view,  and  we  ihall 
better  comprehend  this  wonderful  inhrument. 

Having  had  occafion  to  mention  that  there  is 
ho  vilion  produced  by  that  part  of  the  retina 
which  is  not  covered  by  the  choroid  membrane, 
it  will  be  proper  to  illuhrate  this  circumrtance 
more  fully,  and  fhcw  in  what  manner  this  fad 
has  been  afeertained,  the  difeovery  of  which  oc-^ 
cafioned  a long  controverfy  concerning  the  proper 
feat  of  vifion. 

Experhnent,  Fix  three  black  patches,  A,B,  C, 
upon  a-  white  wall,  at  the  height  of  the  eye,  A 
being  to  the  left,  and  C to  the  right:  place  your- 
felf  facing  thefe  patches,  fhut  the  right  eye,  and 
direcT:  the  left  towards  the  patch  C,  you  will  then 
fee  both  A and  C,  but  the  middle  patch  B will 
difappear.  Or  if  the  left  eye  be  Ihut,  and  the 
right  direded  tow^ards  A,  you  will  ftill  fee  both 
A and  C,  but  B will  difappear.  If  the  eye  be 
direded  towards  B,  both  B and  A will  be  feen, 
and  not  C;  for  w hich  ever  of  the  patches  is  di- 
redly  oppofite  to  the  optic  nerve  vanifhes.  This 
experiment  is  rather  difficult  at  firffi,  but  becomes 
eafy  by  a little  pradice.  In  our  ufual  intercourfe 
with  common  objeds,  w'e  are  not  fenfible  of  this 
defed,  becaufe  we  turn  the  vifual  parts  of  the 
eye  with  fo  much  rapidity  upon  the  invifible  part 
of -the  objed,  that  the  lofs,  without  peculiar  at- 
tention, is  imperceptible;  this  lofs,  however,  in 
one  eye,  is  remedied  by  the  ufe  of  both,  as  the 
part  of  the  objed  that  is  not  feen  by  one,  wdll 
be  diffiindly  perceived  by  the  other.  This  defed 
of  fight,  though  common  to  every  human  eye, 
was  never  known,  until  it  was  difeovered  by  the 
fagacity  of  Monf.  Mariotte  in  the  laft  century. 
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Of  the  Extent  or  Limits  of  Vision. 

Having  confidered  the  general  principles  of 
vifion^  1 fliall  now  proceed  to  conlider  further 
the  nature,  properties,  and  extent  of  power  of 
the  eyes.  As  in  a dark  chamber,  a very  flender 
beam  of  light  is  vilible ; fo  in  all  cafes  when  the 
furrounding  medium  is  very  dark,  objeCls  arc 
feen  by  fmall  quantities  of  light.  Hence,  when 
the  medium  round  the  eye  is  dark,  a fmall  quan** 
tity  of  light  will  fuffice  for  vifion,  the  eye  being, 
by  the  exclufion  of  the  adventitious  light,  rendered 
fenfible  to  the  moft  delicate  impreffions. 

The  extent,  therefore,  of  our  fight  is  increafed 
or  diminilhed,  in  proportion  to  the  quantity  of 
light  that  furrounds  us,  fuppofing  the  illumina- 
tion of  the  object  to  remain  the  fame.  Hence  it 
has  been  calculated,  that  if  the  fame  objed,  which 
during  the  day  we  fee  at  the  diflance  of  3436 
times  it’s  diameter,  were  equally  illuminated  du- 
ring the  night,  it  would  be  viiible  at  100  times 
greater  diflance. 

Thus  in  a dark  night  the  feebio  light  of  a 
candle  may  be  feen  at  a great  diflance ; and  the 
fixed  fiars,  though  they  have  no  fenfible  diameter, 
are  vifible,  and  the  darker  the  night,  the  more  of 
them  are  feen.  A certain  quantity  of  light  is, 
however,  neceffary,  even  in  this  cafe,  for  vifion; 
for  the  impreffions  of  light  from  the  fatellites  of 
Jupiter  and  Saturn,  are  too  feeble  to  be  perceived 
without  the  affiftance  of  a telcfcope. 

At  the  approach  of  day,  and  as  the  twilight 
increafes,  the  eye  begins  to  be  enlightened  by  the 
relledion  of  the  atmofphere,  the  fiars  grow  fainter, 
and  in  proportion  as  the  light  increafes,  gradually 
difappear,  firft  thofe  of  the  leafl,  and  at  lafl  thofe 
of  the  largefl  magnitude.  As  the  day  advances, 

the 
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the  moon  herfelf  lofes  of  her  luhre,  till  at  length 
her  light  is  overpowered,  and  flie  is  no  longer 
feen.  In  the  fame  manner,  fmall  particles  are  feen 
floating  in  a beam  of  light  let  into  a darkened  room; 
but  as  foon  as  the  room  is  enlightened,  thofe  par- 
ticles difappear. 

One  of  the  reafons  why  we  are  often  unable 
to  diftinguifh  diftant  objeds,  is  the  profufion  of 
rays  refleded  from  intermediate  objeds,  which, 
by  their  brilliancy,  prevent  us  from  perceiving 
the  fainter  rays  that  proceed  from  thofe  which  are 
more  diftant ; fo  that  when  the  objeds  are  very 
remote,  their  pidure  on  the  retina  is  eafily  ob- 
literated, by  the  vigorous  and  lively  imprelTions 
made  by  thofe  that  are  nearer.  But  when  the 
intermediate  ones  emit  a feeble  light,  when  com- 
pared to  that  which  proceeds  from  the  more 
remote  ones,  thefe  will  form  a diftind  pidure  on 
the  retina,  and  become  perfedlly  vifible. 

The  extent  of  vifion  is  not  only  limited  by 
the  light  of  the  ambient  medium,  which  enters 
the  eye  with  the,  pencils  of  light  that  proceed  from 
furrounding  objects  ; but  it  is  further  impeded  by 
the  heterogeneous  particles  that  are  conftantly 
floating  in  the  air;  thefe,  by  their  opacity  and 
reftedive  power,  form  a kind  of  veil,  that  obfeures 
the  vifton  of  remote  objeds;  and  the  more  the 
medium  is  loaded  with  thefe  particles,  and  the 
more  remote  the  objed  is  horn  the  fpedator,  the 
more  ob  feu  re  and  indiftind  it  will  appear,  und 
the  limits  of  vilion  be  mere  confined. 

The  exhalations  which  continually  rife  from 
the  earth,  augment  this  obfeurity,  and  render  the 
air  lefs  tranfparent,  efpecially  near  the  earth:  the 
ccleftial  bodies  generally,  therefore,  appear  more 
obfeure  when  near  the  horizon,  than  when  they 
are  at  a greater  elevation ; becaufe,  in  the  hrft 
cafe,  they  are  feen  through  that  part  ot  the  at^ 

^ mofphcre 


Nature  and  Properties  of  Light.  30? 

tnofphere  which  is  contiguous  to  the  furface  of 
the  earth;  but  in  the  latter,  through  a part  which 
is  at  a greater  diflance. 

Every  one  knows,  that  objecfls  at  a given  dif- 
tance  are  more  ditiindily  feen,  and  are  vifible  at 
a greater  diftance  in  clear,  than  in  foggy  weather. 
Thus  early  in  a clear  morning,  and  when  the  air 
is  free  from  vapours,  and  not  much  enlightened, 
a hill  or  a head-land  is  viiible  at  a great  diftancc  ; 
but  as  the  dav  advances,  the  land  becomes  more 
obfcure,  till  at  length,  by  the  great  opacity  of 
the  intervening  vapour,  and  the  light  refledled 
by  it  to  the  eye,  the  object:  becomes  lefs  and 
lefs  perceptible,  and  at  lail  totally  difappears. 
Hills,  and  other  high  lands,  are  feen  more  diftinclly 
in  the  morning,  partly  from  this  circum fiance, 
that  by  their  elevation  they  are  more  illuminated 
than  the  parts  intervening  between  them  and  the 
fpedtator. 

But  the  obfeurity  arifing  from  the  exhalations 
is  not  the  lead  part  of  the  inconvenience  they 
occalion ; the  riling  exhalations  have  a kind  of 
undulating  motion,  like  that  of  fmoke  or  fleam, 
fo  that  objecls  feen  through  them  appear  to  have 
a tremulous  or  dancing  motion,  which  is  fenlible 
even  to  the  naked  eye.  If  diflant  objedfs  be 
viewed  on  a hot  fummer’s  day,  this  ellcdl  is  fo 
fenlible  in  telefcopcs,  as  to  render  them  entirely 


From  this  want  of  tranfparency  in  the  at- 
mofphere,  arifes  that  gradual  diminution  in  ^the 
light  of  objedts,  which  painters  call  the  aerial 
pcrfpecl:ive,  by  which’  they  endeavour  to  give 
that  degradation  of  colour,  and  indiflinclnefs  of 
outlines,  peculiar  to  objedls  at  a diftance  : for  if 
the  air  were  perfectly  tranfparent,  an  objeT 


ufelefs  for  terredrial  objedts 
ment  apparent  magnitude 
times. 


, when  they  aug- 
more  than  eighty 


would 
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would  be  equally  luminous  at  all  diftances,  be^ 
caufe  the  vilible  area  and  the  denlity  of  light  de- 
creafe  in  the  fame  proportion. 

Another  caufe  which  limits  the  extent  of 
vifion,  and  for  the  removal  of  which  optical  in- 
ftruments  are  more  particularly  adapted,  is  their 
fmallnefs  in  proportion  to  their  diftances : for 
excepting  in  the  cafe  of  luminous  objects  feen  in 
the  dark,  it  is  necelfary  that  an  image  on  the  re- 
tina fhould  have  fome  determinate  magnitude,  in 
order  to  become  perceptible  ; thus  a houfe  may 
be  feen  at  a confiderable  diflancc,  but  we  muft 
approach  nearer  before  the  window^s  are  difcerni- 
ble,  and  nearer  ftill  to  diflinguifh  the  bricks. 

It  is  not  eafy  to  determine  with  accuracy  the 
quantity  of  the  minimiun  vifibile^  or  the  angle  that 
is  fubtended  by  the  fmalleft  vilible  objedl.  Mr^ 
Harris  has  inferred,  from  feveral  experiments,  that 
objects  are  feldom  vihble  under  an  angle  lefs  than 
40  feconds,  and  at  a medium  not  lefs  than  two 
minutes. 

A Jimple  ohje^l^  as  a white  or  black  fquare, 
upon  the  oppolite  colour,  is  perceivable  under  a 
lefs  angle  than  the  parts  of  a compound  one. 
The  more  objedis  differ  in  colour,  the  more  ealily' 
we  can  difinguilb  their  feveral  imprelTions  on 
the  retina  : different  degrees  of  light  on  the  fame 
objedf  will  render  it  vilible  at  different  diftances, 
and  under  different  angles  : indeed  the  moft  ge-» 
neral  caufe  of  the  non-vilibility  of  objects,  is 
the  want  of  fufticient  light  in  the  pencils  that 
proceed  from  them;  feveral  contiguous  objeds, 
are^  fcarce  difcernible  one  from  the  other,  unlefs 
they  each  fubtend  angles  that  are  not  lefs  than 
four  minutes. 

A long  /lender  ohjeSJ  is  vilible  under  a fmaller 
angle  than  a fquare  objed  of  the  fame  breadth  : a 
llendcr  objed-,  as  a line,  may  be  confidcred  as  con- 
fiding 
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lifting  of  feveral  fqiiarcs  joined  together ; and 
though  one  of  thefe  fquares  may  be  too  Imall  to 
he  feen,  yet  the  pencils  of  light  coming  from 
each  of  them  being  contiguous,  and  ftriking  at 
the  fame  time  upon  the  retina,  are  capable,  by 
their  united  ftrength,  to  awaken  the  vifive  fa- 
culty, and  fo  to  render  the  objeefts  vifible  from. 
M hence  they  came.  For  the  fame  reafon,  a Jynail 
ohjefl  in  motion  is  eafier  difeerned  than  if  at  reft, 
Mild  may  be  vifible  in  the  one  cafe,  though  not 
in  the  other.  A fmall  ftar,  by  day  or  twilight, 
that  cannot  be  eafily  feen  through  a telefcope  di- 
rected to  it,  will  become  vifible  by  fiiaking  or 
moving  the  telefcope. 

Tliere  is  a great  difference  in  the  degree  of 
fenfibility  of  different  eyes.  We  have  been  told 
of  perfons  feeing  a fatcliite  of  Jupiter  without  the 
aififtance  of  glalfcs : a circumftance  that  to  many 
appears  incredible.  But  when  we  coniider  how 
much  the  various  circumftances  of  light  affect 
vifton,  and  how  much  further  our  ftght  is  ex- 
tended at  fome  favourable  opportunities  than  at 
others,  thefe  extraordinary  accounts  may  be  the 
more  readily  credited. 

The  following  calculation  of  M.  de  la  Hire 
will  give  fome  idea  of  the  extreme  fenfibility  of 
the  optic  nerves.  The  fail  of  a windmill,  fix  feet 
in  diameter,  may  be  eafily  feen  at  the  diftance  of 
4000  toifes,  and  the  eye  being  fuppofed  to  be  an 
inch  in  diameter,  the  picture  of  this  fail  at  the 
bottom  of  the  eye  will  be  the  eight  thoufandth 
part  of  an  ineh.  This  ihcws  with  what  w'onder- 
ful  accuracy  the  rays  of  light  arc  refracted  by  the 
eye,  fo  that  a pencil  of  rays  coming  from  one 
point  of  the  objcCl,  fhall  meet  in  a point  on  the 
retina,  fo  as  not  to  deviate  the  eight  thoufandth 
part  of  an  inch. 
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If  an  objedt  be  held  too-  clofe  to  the  eye,  it 
becomes  indiftindl,  and  the  more  fo  the  clofer  it 
is  held,  notwithftanding  it’s  apparent  magnitude 
is  thereby  increafed,  and  a very  llendcr  objed  will 
become  totally  invifible. 

To  the  generality  of  eyes,  the  nearefl  diftance 
of  diftincl  vifion  is  about  feven  or  eight  inches  ; 
at  this  diftance  they  commonly  read  a fmall  print, 
and  examine  all  minute  objeds.  It  is  true  fome 
eyes  can  fee  fmall  objeds  beft  at  the  diftance  of 
fix,  four,  and  even  three  inches ; and  fome  again 
at  twelve,  fifteen,  or  twenty  inches ; but  thefe  are 
only  particular  cafes,  and  do  not,  therefore,  affed 
the  prefent  inquiry. 

A globular  objed  that  is  lefs  than  elo  inch 
in  diameter,  is,  to  the  generality  of  eyes,  totally 
inviftble  : and,  excepting  in  few  cafes,  an  objed 
cannot  be  feen  that  is  lefs  than  inch  in  diame- 
ter; an  objed  of  that  breadth  fubtending  an  angle 
of  I min.  at  the  diftance  of  8 inches  from  the  eye. 
But  when  the  field,  on  which  the  objed  is  placed, 
is  nearly  of  the  fame  colour  with  it,  we  cannot  fee 
it  under  an  angle  lefs  than  about  4 min.  In  fuch 
circumftances  the  fmalleft  viftblc  objed  is  not  lefs 
than  r%is  of  an  inch  in  diameter.  At  a medium, 
the  fize  jho  inch  diameter  is  the  fize  of  the  leaft: 
globular  objed  difcernible  by  the  naked  eye. 

Of  Distinct  and  Indistinct  Vision. 

It  will  be  proper  in  this  place  to  explain, 
with  more  accuracy,  what  is  meant  by  diftind 
vifion,  and  what  is  the  difference  between  feeing 
an  objed  diftindly,  and  feeing  it  clearly;  as  the 
clearnefs  or  brightnefs  with  which  an  objed  is 
fecn,  is  often  confounded  with  diftind  vifton. 

We  fee  an  objed  clearly y when  it  is  fufficiently 
illuminated,  to  enable,  us  to  form  a general  idea 

of 
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of  it’s  figure,  and  diftinguilh  it  from  other  ob- 

: we  fee  it  dtftinBlyy  when  the  outlines  of 
it  are  well  defined,  when  we  can  diftinguifh  the 
parts  of  it,  and  determine  their  colour  and  fitu- 
ation.  Thus  we  maybe  faid  to  fee  a diflant  object 
dearly y when  we  can  perceive  that  it  is  a tower ; 
hut  to  fee  it  dijlindlyy  w'e  approach  fo  near  as  to 
be  able  to  determine  not  only  it’s  general  out- 
line, but  to  diftinguifli  the  parts  of  which  it  is 
cornpofed. 

I'nis  may  be  made  more  evident,  by  advert- 
ing to  the  experiment  of  the  dark  chamber,  in 
which  wc  fhall  find  a confiderable  difference  be- 
tween the  diflind-nefs  and  brightnefs  of  the  pidlure; 
and  learn,  that  a confufioii  of  the  parts  is  not  the 
fame  thing  with  obfeurity. 

For  the  pi8ure  may  be  difHndt  in  all  ip’s 
parts  ; the  rays  which  come  from  one  and  the  fame 
point  in  the  objeCl,  may  be  exadly  colledcd  into 
one  and  the  fame  point  upon  the  paper;  and  yet, 
if  but  few  rays  pafs  through  the  lens,  and  confe- 
quently  the  fpace  where  the  piClure  is  painted 
Ihould  be  but  faintly  enlightened,  this  pidure, 
though  it  is  diftind,  will  "be  faint  and  obfeure. 
On  the  other  hand,  though  the  pidure  be  con- 
fufed,  cither  becaufe  the  paper  is  placed  at  an 
improper  diftance  from  the  lens,  or  tor  any  othef 
caufe;  yet  if  many  rays  pafs  through  the  lens,  and 
Itrongly  illuminate  the,  paper,  the  pidure,  not- 
withflanding  the  want  of  diftindnefs,  will  be  a. 
bright  one. 

ne  brightnefs  or  dearnejs  with  which  an  ohjeSf 
is  feeny  depends  principally  on  the  following  cir- 
^umflances. 

I.  On  the  quantity  of  light  proceeding  from 
the  objed  to  the  eye ; and  this  is  in  a great  mea- 
fure  regulated  by  the  difiance,  for  the  intcnfity  of 
IL  X i^ght 
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light  diminiflies  in  an  inverfe  ratio  to  the  fquare 
of  the  diftances. 

2. '  It  depends  on  the  colour  of  the  objedl 
itfelf,  and  of  thofe  objecls  which  furround  it. 

3.  On  the  manner  in  which  the  light  falls 
upon  the  object,  and  is  refledled  from  it. 

4.  On  the  aperture  of  the  pupil,  for  the  wider 
this  is,  the  greater  will  be  the  number  of  rays  that 
are  tranfmitted  to  the  retina. 

5.  On  the  tranfparency  and  purity  of  the 
humours  of  the  eye,  and  the  foundnefs  of  the  refl 
of  the  vihve  parts. 

6.  On  the  tranfparency  of  the  atmofphere. 

When  all  thefe  circumflances  concur,  an  ob- 
ject will  appear  bright  and  clear;  but  lefs  fo,  in 
proportion  as  any  of  them  are  wanting.  In  order, 
however,  to  obtain  diftin(fl  vifion,  it  is  requifite, 
not  only  that  the  object  be  fufficiently  illuminated, 
but  alfo  that  the  feveral  pencils,  on  their  arrival 
at  the  retina,  fhould  be  feparate,  and  not  mixed 
■ together ; and  when  this  is  not  the  cafe,  the  out- 
lines of  the  objecfl  and  it’s  parts  will  appear  faint, 
hazy,  and  ill-defined.  We  may,  therefore,  con- 

' lider  the  following  conditions  as  necejfary  towards 
obtainifig  dijiindf  vifion. 

1.  The  objedls  fliould  be  fufficiently  illumi- 
nated: now  all  other  circiimfiances  being  the  fame, 
the  nearer  an  objed;  is,  and  the  brighter  it’s 
colour,  the  more  light  the  eye  receives  from  it  ; 
this  is  one  reafon  why  near  objeds  are  more  dif- 
tindly  feen  than  thofe  that  are  more  remote. 

2.  The  geometrical  image  of  objeds  fhould 
fall  either  upon  the  retina,  or  very  near  it,  and 
thefe  images  fhould  be  fufficiently  large,  otherwife 
the  parts  of  the  objed  cannot  be  diilindly  per- 
ceived : the  want  of  fize  in  this  image  is  alfo  a 
caufc  of  the  indiflindnefs  of  remote  objeds. 
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3‘.  It  is  alfo  requifitc  that  the  eye  be  in  perfect 
order,  and  it’s  humours  tranfparent,  in  order  that 
the  imprelTions  of  light  may  be  lively  and  diftind:. 

In  a given  eye,  and  a given  difpofition  of  that 
eye,  an  image  upon  the  retina  will  be  mofi:  perfed 
when  the  objed  is  at  fome  determinate  diftance 
from  the  eye;  and  it  is  near  this  point  or  place,  that 
objeds,  if  they  are  not  too  fmall,  w ill  be  diftindly 
feen.  An  objed  at  a greater  or  lefs  diftance,  wdll 
have  it’s  image  either  before  or  behind  the  retina; 
and  in  cither  cafe,  if  the  dihance  of  the  image  from 
the  retina  be  conliderable,  the  vilion  will  be  in- 
diflind. 

Dr.  Jurin  has,  however,  fhcwn  that  it  is  not 
necelfary  to  diftind  vifion,  that  the  images  of  ob- 
jeds,  or  the  points  of  union  of  the  rays,  be  precifely 
upon  the  retina,  there  being  fome  latitude  both  be- 
fore and  behind  the  retina,  wdthin  which,  w'hat- 
ever  images  be  formed,  the  vifion  will  be  equally 
diflind;  and  this  latitude  ’ will  be  greater  or  lefs, 
according  as  the  .vifual  angles  fubtended  by  the  re- 
fpedive  objeds,  are  greater  or  lefs. 

Let  a printed  page,  in  which  there  are  letters 
of  three  or  four  dilferent  fizes,  be  placed  at  fuch 
a diflance,  that  every  fort  of  print’  may, 'without 
any  ftraining  or  effort  of  the  eye,  be  perfedly  dif- 
tind ; in  this  cafe  it  may  be  reafonably  prefumed, 
that  the  images  of  the  feveral  letters  fall  upon  the 
retina.  If  the  printed  leaf  be  brought  gradually 
nearer  and  nearer,  the  fmalleft  print  will  firft  begin 
to  be  confufed,  w’hilft  the  larger  remains  as  diflind 
'as  before : by  advancing  it  fhll  nearer,  the  fmaller 
'print'  w'ill  become  more  confufed,  the  next  fi!ze 
above  it  a little  confufed,  whilff  the  large  print  is 
ffill  as  legible  as  before ; and  fo  through  feveral  de- 
‘grees, 'till  the  whole  is  in  confulion. 

The  fame  experiment  may  be  made  the  edn- 
'trary  way,  by  ufing  a pair  of  fpedacics,  of  a proper 

X 2 convexity. 
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convexity.  From  hence  it  is  evident,  that  we  may 
have  diflind:  vilion,  when  the  focufes  of  the  pencils 
are  at  fome  diftance,  either  before  or  behind  the 
retina,  and  that  the  larger  the  objed,  the  greater 
is  this  latitude. 

Bujt  as  in  this  cafe  the  pencils  from  every  point 
cither  meet  before  they  reach  the  retina,  or  tend 
to  meet  beyond  it>  the  light  that  comes  from  them 
muft  cover  a circular  fpot  upon  it,  and  will,  there- 
fore, paint  the  image  larger  than  perfed  vilioii 
would  reprefent  it : and  confequently,  every  objed> 
placed  either  too  near  or  too  remote  for  perfed 
vifion,  will  appear  larger  than  it  is,  by  a penumbra 
of  light,  caufed  by  the  circular  fpaces,  which  are 
illuminated  by  pencils  of  rays  proceeding  from  the 
extremities  of  the  objeds.  Thefe  circular  fpaces 
are  called  circles  of  diflipation.  This  accounts  for 
fhort-lighted  perfons  finding  near  objeds  appear 
rather  magnified,  when  they  ufe  a concave  that  is 
not  fo  deep  as  that  to  w hich  they  are  accuftomed. 

On  account  of  thefe  penumbrae,  it  is  clear  that 
two  ftars  will  appear  to  be  nearer  than  they  really 
are ; and  if  they  be  really  very  near,  will  appear  to 
be  but  one,  but  brighter  than  either  of  them  taken 
alone  : fo  that  the  tw'o  flars  w.ill  have  the  fame  ap- 
pearance as  if  one  brighter  ftar  appeared  in  the 
middle  of  the  fpace  occupied  by  tw  o liars. 

When  objeds  are  large,  they  will  appear  to- 
lerably dillind  at  a much  lefs  diflance  than  fmall 
objeds,  becaufe  the  penumbrae  will  not' interfere  fo 
much.  For  this  realon,  a large  print  may  be  read 
much  nearer  the  eye  than  a fmall  one ; the  former 
will  appear  only  ill-defined,  but  fufticicntly  diftind, 
when  the  latter  is  quite  indillindt,  the  penumbra 
'of  one  letter  interfering  with  that  of  another. 

it  is  very  difricult  to  afeertain  precifely  the 
natural  dillancc  of  dillind  vifion,  or  tlmt  diltance 
4 * at 
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at  which  the  eye,  without  any  ftrain  or  cfFo;*t,  is 
fuited  to  fee  objea.s  diftindly.  If  we  fuppofe  this 
diitance  to  be  that  at  which  we  ufually  read  a large  , 
fair  print,  this  will  be  about  fifteen  or  fixteen 
inches,  and  lefs  it  cannot  be,  as  we  are  rather 
more  concerned  with  large  objedh  than  the  letters 
of  a book;  and  when  we  view  objedts  nearer,  it  is 
on  account  of  their  minutenefs : nor  is  it’ probable 
that  the  diflance  can  be  many  feet,  as,  in  order  to 
examine  objefts,  we. are  always  defirous  to  have 
them  near  the  eye,  except  they  are  very  large.  The 
neareft  diftance  of  diflincl:  vifion  is  in  general  com- 
puted to  be  about  feven  or  eight  inches  from  the 
eye.  That  point  in  any  object , to  which  the  optic  axis 
is  dire^edy  is  Jeen  more  diJiinTly  than  the  reft.  The 
truth  of  this  pofition  is  confirmed  by  every  one’s 
experience : if  we  turn  our  eyes  diredlly  toward  one 
particular  part  of  an  objcdl  fo  as  to  look  fieadily  at 
it,  w^e  may  indeed,  if  the  objecl;  be  not  very  large, 
fee  all  the  reft  of  it  at  the  fame  time  ; but  this  part 
W’ill  appear  more  diftindl  than  the  reft : but  look- 
ing fteadily  at  an  objeejt  is  turning  our  optic  axis 
towards  it. 

Of  the  Change  jn  the  Conformation  of  the 

Eye  for  distinct  Vision,  at  different  Pis- 

TANCES. 

As  a fhip  requires  a different  trim  for  every 
variation  of  the  diredion  and  the  ftrength  of  the 
wind,  fo,  if  we  may  be  allowed  to  borrow  that 
w ord,  the  eyes  require  a different  trim  for  every 
degree  of  light,  and  for  every  variation  in  the  dif- 
tance  of  the  objedl,  while  it  is  within  certain  liniits. 
The  eyes  are  trimmed  for  a particular  objedt,  by 
contradfing  certain  mufcles,  and  relaxing  others; 
as  the  fhfp  is  trimmed  for  a particular  wind,  by 
drawing  fome  ropes,  and  flackening  others.  The 
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failor  learns  this  trim  of  his  fhip,  as  we  learn  the 
trim  of  our  eyes,  by  experience.* 

A fhip,  although  it  be  the  nobleft  machine 
that  human  art  can  boaH:,  is  far  inferior  to  the  eye  ; 
for  it  requires  art  and  ingenuity  to  navigate  her, 
and  the  failor  mull  know  what  ropes  to  pull,  and 
which  to  flacken,  to  accommodate  her  to  a parti- 
cular wdnd.  But  the  eye  is  fabricated  with  fuch 
fuperior  wifdom,  and  the  principles  of  it’s  motion 
fo  contrived,  that  it  requires  no  art  nor  ingenuity 
to  fee  by  it : we  have  not  to  learn  what  mufcles  we 
arc  to  contract,  nor  w hich  we  are  to  relax,  in  order 
to  fit  the  eye  to  a particular  diflance  of  the  objed:, 
But  although  we  are  not  confeious  of  the  mo- 
tions W'e  perform,  in  order  to  fit  the  eyes  to  the 
diftance  of  the  objedl,  w'e  are  confeious  of  the  effort 
employed  in  producing  thefe  motions,  and  pro- 
bably have  fome  fenfation  which  accompanies 
them,  and  to  which  we  give  as  little  attention  as 
to  many  other  fenfations;  and  thus  ‘a  fenfation, 
either  previous  or  confequent  upon  that  effort, 
comes  to  be  conjoined  with  the  diflance  of  the  ob- 
ject which  gave  occafion  to  it,  and  by  this  conjunc- 
tion becomes  one  of  the  figns  of  that  diftance. 

• ■ That  we  are  capable  of  viewing  objeds  with 
nearly  equal  diflindnefs,  though  they  be  placed  at 
confiderable  diftances  from  each  other,  is  evident; 
but  the  alteration  w'hich  takes  place  in  the  eye  for 
this  purpofe,  or  the  mechanifm  by  which  this  effed: 
is  produced,  is  not  eafily  afeertained.  . . ' . 

It  feems  clear  from  the  firft  view  of  the  fub? 
jed,  that  when  feveral  objeds  are  at  different  dif- 
tances before  us,  they  will  not  appear  equally,  dif- 
tind  at  the  fame  time.  Left  it  fhould  be  fufpeded 
that  the  indiftindnefs  in  this  cafe  may  be  owing  to 
the  fmpreflions  not  being  made  upon  the  correft- 

pondhig 
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ponding  fibrils  of  the  two  retinas,  let  us  make  a 
trial  with  one  eye  alone,  while  the  other  is  fliut . 
thus  place  two  fmall  objcdls,  as  two  pins,  one  be- 
hind the  other,  and  let  the  one  be  at  a foot,  and 
the  other  at  about  fix  inches  diftance  from  the  eye. 
Either  of  thcfe  objects,  when  looked  at  attentively,' 
"will  appear  diftindf ; but  the  other,  at  the  fame  time, 
although  it  be  in  the  axis  of  the  eye,  will  be  con- 
fufed.  And  from  hence  it  is  very  clear,  that  the 
fame  conformation  of  the  eye  is  not  adapted  for 
dihind  vifion  at  all  diflances,  and  that  the  eye  by 
fome  means  changes  it’s  conformation,  fo  as  it  may 
be  better  fuited  for  vifion  at  different  diflances. 

In  a fimilar  manner  to  the  foregoing  experi- 
ment, if  the  eye  looks  attentively  upon  the  little 
fcratches  or  particles  of  dufl  upon  a window-glafs, 
the  objeds  without  doors  will  be  indiflind ; and 
when  wx  look  at  the  external  objeds,  the  opake 
particles  upon  the  glafs,  which  before  were  diflind, 
will  now  be  confufed.  It  alfo  frequently  happens, 
that  when  we  firfl  look  at  an  object,  it  will  appear 
very  confufed,  which  confufion  will  vanifh  by  de- 
grees, and  in  a little  time  the  objed  will  become 
quite  diflind. 

In  like  manner,  if  after  poring  fome  time  on  a 
book,  we  fuddenly  look  at  objeds  farther  off,  they 
v;ill  at  firfl  appear  confufed,  and  become  diflinder 
by  degrees.  A fimilar  indiflindnefs  takes  place, 
when  from  looking  at  remote  objeds,  we  fuddenly 
look  at  one  that  ds  near.  To  what  can  we  attri- 
bute thefe  phenomena,  but  to  a change  in  the  con- 
formation of  the  eye  for  vifion  at  thefe  different 
diflances  ? a change  which  requires  fome  fmail 
time  for  it’s  performance.  It  cannot  be  owing  to 
the  lafl  impreffion  on  the  eye  not  being  obliterated; 
for  in  that  cafe,  the  fame  confufion  would  be  ob- 
fervable  upon  fhifting  the  eye  from  one  page  of 
a book  to  the  other. 

X 4 
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ThcTe  phenomena  are  ftronger  when  they  hap- 
pen without  our  thinking  upon  them ; for  when 
we  make  the  experiment  on  purpofe,  and  the  mind 
is  already  prepared  for  what  is  to  happen,  it  has 
time  in  part  to  fruftrate  our  dcfign;  the  more  fo, 
as  thefe  changes  are  fomewhat  painful. 

Authors  are  much  divided  in  their  opinions 
concerning  the  change  that  is  made  in  the  confor- 
mation of  the  eye,  to  procure  diftind:  vilion  at  dif^ 
ferent  diftances ; fome  thinking  it  to  be  a change 
in  the  length  of  the  eye,  others  that  it  is  a change 
in  the  figure  or  pofition  of  the  cryftalline  humour, 
oth^rs^  that  it  is  a change  in  the  cornea.  The  aii- 
-thorsiof  each  opinion  have  their  objedi:ions  to  all 
the  reft,  and  perhaps  the  truth  may  lie  among  them 
all.  As  the  rays  of  light  fuffer  a greater  refrac- 
tion at  the  cornea  than  they  do  afterwards,  it  is 
jplain  that  a lefs  change,  as  to  quantity,  in  the  ra- 
dius of  the  cornea,  will  effed:  the  bufinefs,  than 
.would  be  fufficient  in  any  other  part  of  the  eye : 
but  at  the  fame -time  it  mufl:  alfo  be  confefTed,  that 
mofl  perfons  who  have  been  couched  for  catarads, 
-are  obliged  to  have  glafies  of  diffejent  convexities, 
in  order  to  have  diftind  vvilion  at  different  dif- 
tances  ; from  whence  it  feems  neceffarily  to  follow, 
that  the  cryftalline  humour  is  concerned  in  chang- 
ing the  conformation  of  the  eye.  Perhaps  the 
cornea,  and  the  cryftalline,  if  not  fome  other  parts 
of  the  eye  beficjes,  may  contribute  to  produce  this 
effed  : and  in  order  to  obtain  diftind  vifion  at  a 
nearer  diftance,  at  tlje  fame  time  the  cornea  is  ren- 
dered more  convex,  the  axis  of  the  eye  may  be  a 
little  lengthened,  the  cryflalline  made  more  con- 
vex and  brought  forw  arder,  all  which  changes  con- 
fpircfto  the  fame  end  ; and  the  contrary  for  obtain- 
ing vifion  at  a greater  diftance. 

it  has  been  fhewn  by  writers  on  optics,  that  if 
an  objcd  be  vicw'cd  diftindly  at  three  different 
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diftances  from  the  eye,  the  firfl  of  which  may  be 
the  lead  diftance  at  which  it  can  be  viewed  dif- 
tindly,  the  fecond  double  the  fird,  and  the  third 
infinite,  the  alterations  in  the  conformation  of  the 
eye,  necefiary  for  viewing  an  objed;  didindly  at  the 
fird  and  fecond  didances,  whofe  diderence  is  but 
fmall,  are  as  great  as  thofe  that  are  necedary  for 
the  fecond  and  third,  whofe  difference  is  infinite. 

H ence,  if  a diort-dghted  perfon  can  read  a 
fmall  print  didindly,  at  two  different  didances, 
whereof  the  larger  is  but  double  the  leder,  as  great 
alterations  are  made  in  his  eyes,  as  in  one  whofe  eyes 
are  perfed,  and  that  can  fee  didindly  at  all  intern- 
mediate  didances,  between  infinity  and  the  larged 
of  the  two  former  didances.  For  the  fame  reafon, 
a diort-dghted  perfon  can  fee  didindly  at  all  dif- 
tances,  with  a finglc  concave  of  a proper  figure; 
for  the  caufc  of  ihort-dghtednefs  is  not  a want  of 
power  to  vary  the  conformation  of  the  eye,  but  that 
the  whole  quantity  of  refradions  is  always  too 
erreat  for  the  didance  of  the  retina  from  the 
cornea. 

We  may  hence  alfo  clearly  perceive c^w^hy  our 
eyes  are  fo  often  fatigued  in  looking  at  near  ob- 
jeds  ; for  in  this  cafe,  the  mufcles  of  the  eyes,  and 
the  ligamentum  ciliare,  are  obliged  to  make  a con- 
dderable  edbrt,  to  give  the  eyes  the  neceffary  con- 
formation; which  effort  being  greater  in  propor- 
tion as  the  objed  is  nearer,  mud  be  painful  aai 
laborious  when  the  objed  is  very  nigh. 

When  the  eye  has  been  attentively  fixed  on 
an  objed  at  fome  determined  didance,  it  cannot 
immediately  fee  another  objed  didindly  ; whether 
it  be  at  a greater  or  leffer  didance,  it  appears  conr.. 
fufed  and  imperfed,  till  the  eye  has  adapted  itfelf 
to  the  didance  at  which  the  objed  is  placed. 
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Of  the  Pupil  of  the  Eye,  and  of  it’s  Motions. 

In  rpeaking  of  the  flriicfure  of  th«  eye,  we 
have  {hewn  that  the  uvea  has  a fmall  round  hole 
nearly  in  the  middle,  called  the  pup/7j  through 
which  the  rays  muff  alt  pafs  before  they  can  get  to 
the  bottom  of  the  eye,  and  paint  the  images  of  ob- 
jedfs  on  the  retina.  The  confideration  of  the  va^ 
rious  affeclions  of  this  part  of  the  eye,  will  be 
found  of  great  importance,  both  to  the  vender 
and  purchafer  of  fpedacles ; for  upon  the  fiate 
and  aperture  of  the  pupil,  the  requifite  degree  of 
magnifying  power  very  much  depends. 

The  author  of  nature  has  proportioned  the 
magnitude  of  the  pupil,  fo  that  it  may  befi:  anfwer 
the  purpofes  of  vifion,  and  the  fcnfibility  of  the  re- 
tina : if  it  were  too  large,  the  retina’  would  be  fa- 
tigued, and  hurt  by  the  great  quantity  of  light. 
Hence^  it  is  that  thofe  creatures  cannot  bear  the 
light  OT  day,  which,  in  order  to  fearch  for  and  pro- 
cure their  food  at  night,  have  the  pupil  of  their 
eyes  very  large.  Further,  if  this  aperture  had  been 
much  larger  than  it  really  is,  the  eye  would  not 
have  been  a dark  cell,  and  fo  much  adventitious 
light  would  have  entered,  as  to  render  the  picture 
upon  the  retina  obfeure  and  indiftindl : for  as  in 
the  camera  obfeura,  'the  pidtures  are  mofi:  lively  and 
perfedf  when  all  the  light  is  excluded,  but  what 
comes  from  the  objed,  and  ferves  to  form  the  pic- 
ture ; fo  it  is  with  our  eyes ; the  picture  on  the  re- 
tina is  mod  perfedl  v'hen  ail  the  extraneous  light 
is  excluded,  and  none  mixes  with  the  picture,;  but 
what  tends  to  it’s  formation. 

On  the  other  hand,  if  the  pupil  had  been  very 
fmall,  ifwould  not  have  admitted  a fufficient  quan- 
tity of  light ; the  imprefUon  on  the  retina  would 
have  been  w’eak,  and  the  picture  faint  and  obfeure; 

w hen 
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vV'hen  the  pupil  is  very  fmall,  convex  glalTes  are 
necellary,  in  order  to  increafe  the  quantity  of  light. 

All  animals  have  a power  of  contrading  and 
dilating  the  pupil  of  their  eyes.  The  natural  ftate 
appears  to  be  that  of  dilatation,  and  the  contrac- 
tion a hate  of  violence,  produced  by  an  effort  ori- 
ginating in  the  mind.  When  the  light  is  too 
itrong,  or  the  objed  too  bright,  we  contract  the 
pupil,  to  intercept  that  part  of  the  light  which 
would  injure  the  eye;  but  when  the  light  is  weak, 
we  dilate  the  pupil,  that  more  light  may  enter  the 
eye.  If  a perfon  look  towards  the  fun,  you  will 
pbferve  the  pupil  become  exceeding  fmall;  but  if 
he  turns  his  eyes  from  the  light,  and  be  gradually 
brought  into  a dark  place,  you  will  obferve  the 
pupil  to  dilate,  in  proportion  as  the  light  becomes 
more  faint  and  obfeure. 

There  are  alfo  other  circumflances  which  wdll 
caufe  the  pupil  to  contraefL  as  when  the  objedl  is 
nearer  the  eye  than  the  limits  of  diftindl  vilion:, 
for  in  this  cafe,  the  pencils  of  rays  proceeding  from 
tjis  objecif  are  too  diverging  to  be  united  in  corre- 
fponding  points  on  the  retina ; but  by  contrading 
the  pupil,  many  of  the  rays  are  excluded,  and  the 
pidure  is  rendered  more  diftind.  It  is  for  this 
purpofe,  that  many  fliort-fighted  perfons  contrad 
a habit  of  corrugating  their  eyebrows  in  reading,  a 
habit  which  would  be  prevented  by  the  ufe  of  con- 
cave fpeftacles. 

Dr.  Jurin  has  fliewn,  that  the  contradion  of 
the  pupil  does,  in  general,  depend  more  upon  the 
ffrength  of  the  light,  than  on  the  fenfation  of  con- 
fufibn  in  the  objed.  Let  any  perfon  take  a book 
by  day-light,  and  ftand  near  the  middle  of  a room, 
w'ith  his  back  to  the  light,  and  then  hold  the  book 
fo  near  that  the  letters  may  appear  indillinbt,  but 
not  fo  much  fo,  but  that  they  may  be  read,  though 
with  difhoulty;  on  turning  towards  the  light,  it 

will 
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will  be  read  with  more  cafe.  Again,  holding  the 
book  at  the  fame  dihancc,  go  into  the  darkeft  part 
of  the  room,  and  landing  with  your  back  to  the 
light,  you  will  find  the  book  not  at  all  legible ; but 
on  coming  to  the  window,  with  your  face  to  the 
light,  you  will  be  able  to  read  with  eafc  and  dif- 
tin(fi;nefs.  A perfon  who  has  ufed  fpedaclcs  for 
fome  years,  will  in  the  fun-fiiine  be  able  to  read 
without  them. 

When  we  have  been  for  fome  time  in  a place 
much  illuminated,  or  if  the  eye  has  been  too  long 
expofed  to  a refplendent  obje6l,  and  then  views 
objedls  that  are  lefs  fo,  or  goes  into  a darker  place, 
the  fight  will  for  a little  time  be  impaired,  and  the 
eye  unable  to  perform  it’s  proper  fundiions.  The 
fame  will  alfo  happen  from  the  contrary  circum- 
fiances,  if  we  go  from  a faint  light  into  one  that  is 
much  brighter  ; in  either  cafe  the  pupil  has  not 
time  to  conform  itfelf  to  the  fudden,*  but  necefTary 
change,  for  feeing  diftindlly  under  the  new  cir-^ 
cumllances.  From  hence  we  may  infer,  that  very 
opake  (hades  round  a candle,  inftead  of  preferving 
and  protedling  the  eye,  mufi:  be  necelfarily  preju-r 
dicial  to  it.  A moderate  degree  of  opacity  in  the 
fhade,  as  that  of  thick  paper,  may,  by  lefTening  the 
degree  of  light,  be  ufeful  to  eyes  which  are  inflam- 
ed, or  havT  a tendency  to  inflammation. 

There  is  a kind  of  fympathy,  or  concord,  in 
the  motion  of  the  pupils  of  both  eyes,  fo  that  when 
one  is  contradled,  the  other  contradls  alfo ; when 
one  is  dilated,  the  other  alfo  dilates,  though  neither 
the  dilatation  nor  contradlion  arc  equal.  Many 

. grofs 


* This  is  what  Porterfield  and  fotrfe  others  fay  ; but  from 
other  experiments,  the  pupil  is  never  fo  contrafted  as  in  the 
cale  of  going  fuddenly  from  a faint  to  a briglit  light ; the  con-* 
traflion  is  inflantaneous.  The  effects,  therelore,  fpoken  of  above, 
mud  be  referred  to  the  different  dates  of  the  fenlibility  of  the 
retina. 
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grofs  ovcrlights  have  arlfcn,  and  fome  dangerous 
miftakes  have  been  made,  by  oculifts,  according  to 
Porterfield,  from  their  not  attending  to  this  funda- 
mental law  concerning  the  pupil. 

From  this  expanding  and  contracting  power 
of  the  eye,  we  may  learn,  why  the  eye  fees  belt 
,when  furrounded  with  darknefs  ; for  the  puj)il,  by 
dilating,  accommodates  itfclf  as  much  as  polfible  to 
the  quantity  of  light,  dilating  confiderably  when 
the  eye  is  in  darknefs,  and,  c^fteris  paribus,  objefts 
are  feen  moft  clearly  when  the  pupil  is  moft  di- 
lated. Befides,  when  the  eye  is  in  the  dark,  the 
picture  on  tht  retina  is  neither  confufed  nor  dif- 
turbed  by  adventitious  rays  : hence,  thofe  who  are 
in  a very  bright  light,  when  they  want  to  diftin- 
guifn  accurately  a dillant  object,  either  deprefs  the 
eyebrows,  or  apply  the  hand  to  the  forehead : hence 
alfo,  a perfon,  by  placing  himfelf  in  the  dark,  and 
employing  a long  tube,  will  form  a fpecies  of  tele- 
fcope,  producing  a greater  effeCl  than  might  at 
firft  be  conceived  : it  was  on  this  principle  that  the 
ancients  ufed  a deep  pit,  in  order  to  fee  the  ftars 
in  the  day-time.  From  hence  we  alfo  learn,  why 
a perfon  from  within  a chamber  can  perceive  the 
objects  that  are  without;  while  thofe  that  arc  out 
of  doors  cannot  fee  the  objects  that  are  within  : for 
w hen  wc  are  out  of  doors,  the  pupil  is  contracted,- 
and  only  a fmall  portion  of  the  light  that  is  re- 
ceded from  the  objects  within  the  chamber,  can 
pafs  to  the  retina  ; while  on  the  contrary,  thofe 
within  have  the  pupil  more  dilated,  and  the  objects 
that  are  without  are  alfo  more  ftrongly  illuminated; 
befides  w hich,  their  view  of  objects  is  not  fo  much 
obhruCted  by  the  reflexion  of  the  window-glals. 

It  is  furprizing  how  far  the  eye  can  accom- 
modate itfelf  to  clarKnefs,  and  make  the  belt  of  a 
gloomy  fituation.  When  firfl:  taken  from  the  lights 
and  brought  into  a dark  room,  all  things  difappear ; 

or 
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or  if  any  thing  is  feen,  it  is  only  the  remaining  ra-^ 
diations  that  ftill  continue  in  the  eye ; but  after  a 
very  little  time^  the  eye  takes  advantage  of  the 
fmalleft  ray,  which  is  confirmed  by  the  following 
curious  account,  related  by  Mr.  Boyle.  In  the 
time  of  Charles  the  firfl:,  there  was  a gentleman, 
who,  fharing  in  his  worthy  mafter’s  misfortunes, 
was  forced  abroad ; at  Madrid,  in  attempting  to 
do  his  king  a fignal  fervice,  he  failed ; in  confe- 
quence  of  this,  he  was  confined  in  a dark  and 
difmal  dungeon,  into  which  the  light  never  entered, 
and  into  which  there  was  no  opening  but  by  a hole 
at  the  top,  down  wfoich  the  keeper  put  his  provi- 
lions,  prefently  clofing  it  again.  The  unfortunate 
loyalift  continued  for  fome  weeks  in  this  dark  dun- 
geon,-quite  ’ difconfolate  ; but,  at  lafb,  began  to 
think  he  faw^  fome  glimmering  of  light : this  dawn 
of  light  increafed  from  time  to  time,  fo  that  he 
could  not  only  difeover  the  parts  of  his  bed,  and 
fuch  other  large  objects,  but,  at  length,  he  could 
perceive  the  mice  that  frequented  his  dungeon,  to 
cat  the  crumbs  that  fell  upon  the  ground.  When  fet 
at  liberty,  he  could  not,  for  fome  days,  venture  to 
leave  his  cell,  left  the  brightnefs  of  the  light  fiiould 
blind  him ; but  w'as  obliged  to  accuftom  his  eyes, 
by  flow^  and  gradual  degrees,  to  the  light  of  the 
day. 

Of  Imperfect  Sight. 

There  is  no  branch  of  fcience,  of  which  it  is 
more  important  that  a general  knowledge  fliould 
be  diftufed,  than  that  part  which  treats  of  the  va- 
rious imperfedions  of  fight,  and  the  remedies  for 
them.  To  relieve  an  organ  which  is  the  fource  of 
the  moft  refined  pleafure,  is  certainly  a defirable 
objedt;  to  enable  thofe  who  are  in  want  of  afiif- 
tance,  to  determine  whether  fpedacles  will  be  ad- 
vantageous 
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vantageous  or  detrimental,  and  what  kind  will 
beft  fuit  their  light  ; and  fo  inflriidl  thofe  who 
already  ufe  glalTes,  that  they  may  difeover  whether 
thofe  they  have  chofen  are  adapted  to  the  imper- 
feeflion  of  their  light,  or  are  fuch  as  will  increafe 
their  complaint,  and  weaken  their  eyes;  are  fubjedls 
worthy  the  conlideratioil  of  every  individual,  and 
conllitute  the  principal  biilinefs  of  the  remainder 
of  this  Ledlure:  to  this  end  I fhall,  in  the  lirll 
place,  explain  what  I mean  by  an  imperfedlioii 
of  fight. 

The  light  is  relatively  imperfeeft,  when  w'c 
cannot  fee  an  object  diliindtly  in  a common  light, 
and  at  all  the  ufual  dilfances  at  which  it  is  ob- 
ferved  by  an  eye  in  a perfed;  date. 

In  this  fenfe,  both  the  long  and  lliort-lighted 
are  faid  to  have  an  imperfed;  light...  The  Ihort- 
lighted  fee  diftant  objedts  cohfufcdly,  thofe  that 
are  near  at  hand  didindly ; their  light  is  therefore 
defedive  with  refped:  to  diftant  objects  : on  the 
other  hand,  the  long-fighted  fee  didant  objed:s 
didindly,  near  objecls  confufedly. 

An  imperfed:  fight  is  occadoned  by  a confudon 
in  the  image  formed  upon  the  retina ; this  happens 
whenever  all  the  rays  that  proceed  from  any  one 
point  of  an  objed:,  are  not  united  again  in  one, 
but  fall  on  different  points  of  the  retina;  or 
whenever  feveral  pencils  of  light,  from  dilferent 
points  of  an  objed,  terminate  upon  one  point  of 
the  image.  This  fpecies  of  confudon  takes  place 
both  in  long  and  fhort-dghted  eyes. 

Of  Old  or  Long-Sighted  Eyes. 

To  detail  thofe  circumdances  which  arc,  in 
general,  marks  of  advancing  age,  and  always  of 
partial  indrmity,  mud  be  ever  unpleafant,  and 
would  be  equally,  unncccdary,  if  it  were  net  the 


mean 
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mean  of  lelTening  the  inconveniences  attendant  on 
thofe  flages  of  life. 

By  the  long-lighted,  remote  objedis  are  fecn 
diftindtly,  near  ones  confufedly  ; and  in  propor- 
tion as  this  defedl  increafes,  the  nearer  objects 
become  more  indiltindt,  till  at  length  it  is  found 
almoft  impolTible  to  read  a common-fized  print 
without  alFiftance.  An  imperfedt  and  confufed 
image  is  formed  upon  the  retina,  becaufe  the  rays 
of  light  that  come  from  the  fcveral  points  of  an 
objedt,  at  an  ordinary  diftance,  are  not  fuffici- 
ently  refraefied,  and  therefore  do  not  meet  upon 
the  retina,  but  beyond  it. 

Various  arc  the  caufes  which  may  occafion 
this  defedt ; if  the  convexity  of  the  cornea  be 
lefTened,  or  if  either  fide  of  the  cryftalline  becomes 
flatter,  this  effedf  will  be  produced  ; if  the  retina 
be  not  fufficiently  removed  from  the  cornea  or 
cryftalline,  or  if  the  retina  be  too  near  the  cornea 
or  cryftalline,  it  will  give  rife  to  the  fame  defect, 
as  will  alfo  a lefs  refradlive  power  in  the  pellucid 
parts  of  the  eye;  in  like  manner,  too  great  a 
proximity  of  the  objedts,  will  prevent  the  rays 
from  uniting  till  they  are  beyond  the  retina; 
but  if  all  thefe  caufes  concur  together,  the  elfedl 
is  greater.  This  defedt  is,  however,  in  general, 
attributed  to  a Ihrinking  of  the  humours  of  the 
eye,  w^hich  caufes  the  cornea  and  cryftalline  to 
lofe  their  original  convexity,  and  to  become  flat- 
ter ; the  fame  caufe  will  bring  the  retina  too  near 
the  cornea. 

By  one  or  other  of  thefe  caufes,  thofe  who 
were  accuftomed  in  their  youth  to  read  a common 
fize  print,  at  about  twelve  or  fourteen  inches  dif- 
tance  from  their  eyes,  are  obliged  to  remove  the 
book  to  two  or  three  feet  before  they  can  fee  the 
letters  diflindlly,  and  read  with  comfort.  But  in 
proportion  as  the  objedt  is  removed  from  the  eye. 
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the  image  thereof  on  the  retina  becomes  final ler* 
and  confequently  fmall  objeds  will  not  always  be 
perceivable  at  that  diftance,  to  which  thofe  in 
this  (late  find  it  necdfary  to  remove  them,  in 
order  to  attain  any  degree  of  diflindl  vifion : the 
further  alfo  the  object  is  removed,  the  lefs  light 
will  enter  the  eye,  and  the  image  will,  of  courfe, 
be  fainter. 

Hence,  thofe  who  are  long-fighted  require 
more  light  to  enable  them  to  read,  chan  they  did 
while  their  eyes  were  in  their  perfed;  ftate  ; and 
this  not  only  bccaufc  they  arc  obliged  to  remove 
the  book  to  a greater  diftance,  but  becaufe  the 
pupil  of  their  eye  is  (mailer,  and  therefore  a 
greater  intenlity  of  light  is  necefiary  to  produce  a 
fufheient  imprelTion  on  the  retina,  and  compenfatc 
for  the  defect  by  a greater  fplendor  and  illumina- 
tion of  the  object. 

Increafing  years  have  a natural  tendency  toi 
bring  on  this  defeCl,  and  earlier  among  thofe  wluj - 
have  made  the  lead  ufe  of  their  eyes  in  their 
youth  ; but  whatever  care  be  taken  of  the  (ight, 
the  decays  of  nature  cannot  be  prevented : the 
humours  of  the  eye  will  gradually  wade  and  decav, 
the  refractive  coats  will  become  flatter,  and  the 
other  parts  of  the  eye  more  rigid  and  lels  pliable  ; 
thus  the  latitude  of  didmCl  viflon  will  become 
contracted  : it  is  alfo  highly  probable,  that  the 
retina  and  optic  nerve  lofe  a portion  of  their  fen- 
libility. 

Though  it  is  in  the  general  courfe  of  nature. 


that  this  defect  fliould  augment  with  age,  yet 
there  are  not  wanting  indances  of  thofe  w’ho  have 
recovered  their  fight  at  an  advanced  period,  and 
have  been  able  to  lay  afide  their  glalfes,  and  read 
and  write  with  pleafure,  without  any  artificial 
adidance.  Among  many  caufes  w hich  may  pro- 
duce this  edeCt,  the  mod  probable  is,  that  it  ge- 
V^OL.  11.  Y nerally 


322  Lectures  on  Natural  PniLosopHr* 

nerally  arifes  from  a decay  of  the  fat  in  the  hot- 
tom  of  the  orbit ; the  prefTure  in  this  part  ceafing, 
the  eye  expands  into  fomewhat  of  an  oval  form, 
and  the  retina  is  removed  to  a due  focal  diftance 
from  the  crydalline. 

It  is  a certain  and  very  important  fad,  that 
long-lightednefs  may  be  acquired  ; for  country- 
men, iailors,  and  thofe  that  are  habituated  to 
look  at  remote  objecls,  are  generally  long-fighted,, 
■want  fpedacles  fooneft,  and  ufc  the  deepeft  mag- 
nifiers : on  the  other  hand,  the  far  greater  part 
of  the  fliort-fighted  are  to  be  found  among  flu- 
dents,  and  thofe  artifls  who  are  daily  converfant 
with  fmall  and  near  objeds;  every  man  becom- 
ing expert  in  that  kind  of  vifion,  w’hich  is  mod 
ufeful  to  him  in  his  particular  profdUon  and  man- 
ner of  life  : thus  the  miniature  painter,  and  en- 
graver, fee  very  near  objeds  better  than  a failor;- 
but  the  failor  perceives  diflant  objeds  better  than 
the/*do;  the  eye  in  both  cafes  endeavouring  to 
preferve  that  configuration  to  which  it  is  moft  ac- 
CLiftomed.  In  the  eyes,  as  well  as  other  parts  of 
the  body,  the  mufcles,  by  conftant  exercife,  are 
enabled  to  ad  with  more  eafe  and  power,  but  are 
enfeebled  by  difufe  ; the  elaftic  parts  alfo,  if  they 
are  kept  too  long  flretchcd,  lofc  part  of  their  elaf- 
ticity  ; while  on  the  other  hand,  if  they  be  feldom 
exercifed,  they  grow  ftiff,  and  are  not  eafily  dif- 
tended.  From  the  confideration  of  thefe  fads, 
we  may  learn,  in  a great  meafure,  how  to  pre- 
ferve our  eyes  ; by  habituating  them  occafionally 
to  near  as  well  as  diflant  objeds,  we  may  maintain 
them  longer  in  their  perfed  date,  and  be  able  to 
podpone  the  ufe  of  fpedacles  for  many  years  ; 
but  we  may  alfo  infer  from  the  fame  premifes, 
that  there  is  great  danger,  when  the  eyes  are  be- 
come long-dghted,  of  deferring  too  long  the  ufe 
of  fpedacles,  or  uling  thofe  that  magnify  too 

niucF, 
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much,  as  we  may  by  either  method  fo  flatten  the 
eye,  as  to  lofc  entirely  the  benefits  of  naked  vi- 
bon.  It  may  not  be  improper  in  this  place  to 
remark,  that  the  long-lighted  eye  is  much  more 
liable  to  be  injured  by  too  great  a degree  of  light, 
than  thofe  that  arc  lliort -lighted. 

Objeds  that  appear  confufed  to  the  long- 
lighted,  will  be  reneiered  more  diftincl,  if  they 
view  them  through  a fmall  hole,  fuch  as  that 
made  by  a pin  in  a card,  becaufc  it  excludes  thofe 
diverging  rays  which  are  the  principal  fource  of 
confulioii ; but  as  it,  at  the  fame  time,  intercepts, 
a confiderablc  portion  of  the  light,  it  is  by  no 
means  an  adequate  remedy.  I'he  befl:  relief  thev 
can  obtain  is  from  convex  glailes,  for  by  thefe 
the  rays  of  light  that  proceed  from  the  objed, 
are  fo  refraded,  as  to  fall  upon  the  retina,  in 
the  fame  manner  as  if  they  iffued  from  a diflant 
point.  Spedacles  afford  two  advantages,  for  they 
not  only  render  the  pidure  of  objeds  diftind 
upon  the  retina,  but  they  alfo  make  it  ilrong  and 
lively. 


Of  Spectacles. 

Spedacles  rcdorc  and  preferve  to  us  one  of 
the  mofl:  noble  and  valuable  of  our  fenfes ; they 
enable  the  mechanic  to  continue  his  labour,  and 
earn  a fubfiflence  by  the  work  of  his  hand,  till 
the  extreme  of  old  age.  By  their  aid  the  fcholar 
purfues  his  Itudics,  and  recreates  his  mind  with  in- 
telledual  pleafures,  and  thus  palfcs  away  days  and 
years  with  delight  and  fatisfaciion,  that  might 
otherwife  have  been  devoured  by  melancholy,  or 
walled  by  idlenefs. 

As  Ipedacles  are  defigned  to  remedy  the  de- 
feds  of  light,  it  is  natural  to  wilh,  that  the  ma- 
terials .of  which  they  are  formed  Ihould  be  as 

Y 2 * perfect 
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pcrfed  as  the  eye  itfelf ; but  vain  is  the  wifh^ 
for  the  materials  we  ufe,  like  every  thing  hums 
are  imperfedl,  and  yet  w'e  may  deem  ourlV  iv's^ 
happy,  to  have  in  glafs  a fubftitute  io  analagons 
to  the  humours  of  the  eye,  a fubftance  which 
gives  new  eyes  to  decrepid  age,  and  enlarges  the 
views  of  philofophy.  The  two  principal  defects 
are,  fmall  threads  or  veins  in  the  glafs,  and  mi- 
nute fpecks.  The  threads  are  moll  prejudicial 
to  the  purpofes  of  vifion,  becaufe  they  refrac5l  the 
rays  of  light  irregularly,  and  thus  diftort  the 
objeeft,  and  fatigue  the  eye  ; whereas  the  fpecks 
only  lefien  the  quantity  of  light,  and  that  in  Or 
very  fmali  degree. 

General  Rules  for  the  Choice  of  Spectacles-, 

The  moft  general,  and  perhaps  the  befl  rule 
that  can  be  given,  to  thofe  who  are  in  want  of 
afliflance  from  glalfes,  in  order  fo  to  choofe  their 
fpedlacles,  that  they  may  fuit  the  Rate  of  their 
eyes,  is  to  prefer  thofe  w’hich  fliew  objetfts  nearest 
their  natural  Rate,  neither  enlarged  nor  dimi- 
niflied,  the  glalTcs  being  near  the  eye,  and  that 
give  a blacknefs  and  diflindlncfs  to  the  letters 
of  a book,  neither  flraining  the  eye,  nor  eauling 
any  unnatural  exertion  of  the  pupil. 

For  no  fpedlacles  can  be  faid  to  be  properly 
accommodated  to  the  eyes,  wFich  do  not  procure 
them  eafe  and  refl ; if  they  fatigue  the  eyes,  we 
may  fafely  conclude,  either  that  we  have  no  oc- 
, cafion  for  them,  or  that  they  are  ill  made,  or  nof 
proportioned  to  our  fight. 

Though,  in  the  choice  of  fpedacles,  every 
one  mull  finally  determine  for  himfelf,  which  are 
the  glaffes  through  which  he  obtains  the  moft 
diftin(5t  vifion  ; yet  fome  confidence  fliould  be 
placed  in  the  judgment  of  the  artifl,  of  whom 
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they  are  purchafed,  and  fome  attention  paid  to 
his  directions. 

Of  Preservers,  and  Rules  for  the  Preserva- 
tion OF  the  Sight. 

Though  it  may  be  impoffible  to  prevent  the 
abfolutc  decay  of  fight,  whether  arifing  from  age, 
partial  difeafe,  or  illnefs,  yet  by  prudence  and 
good  management,  it’s  natural  failure  may  cer- 
tainly be  retarded,  and  the  general  habit  of  the 
eyes  ftrengthened,  which  good  purpofes  will  be 
promoted  by  a proper  attention  to  the  following 
maxims. 

1.  Never  to  fit  for  any  length  of  time  in  ab- 
folute  gloom,  or  expofed  to  a blaze  of  light.  The 
reafons  on  which  this  rule  is  founded,  prove  the 
impropriety  of  going  haftily  from  one  extreme 
to  the  other,  whether  of  darknefs  or  of  light, 
and  fliew  us,  that  a fouthern  afpecl  is  improper 
for  thofe  whofe  fight  is  weak  and  tender. 

2.  To  avoid  reading  a fmall  print. 

3.  Not  to  read  in  the  dulk;  nor,  if  the  eyes 
be  difordered,  by  candle-light.  Happy  thofe  who 
learn  this  lelfon  betimes,  and  begin  to  preferve 
their  light,  before  they  are  reminded,  by  pain, 
of  the  neceliity  of  fparing  them  ; the  frivolous 
attention  to  a quarter  of  an  hour  of  the  evening, 
has  coft  numbers  the  perfedf  and  comfortable 
life  of  their  eyes  for  many  years : the  mifehief 
is  elied;ed  imperceptibly,  the  confequences  are 
inevitable. 

4.  The  eye  fliould  not  be  permitted  to  dwell 
on  glaring  objeds,  more  particularly  on  firfb 
waking  in  a morning ; the  fun  Ihould  not  of 
courfe  be  fulfered  to  ihine  in  the  room  at  that 
time,  and  a moderate  quantity  of  light  only  be 
admitted.  It  is  cafy  to  fee,  thap  for  the  fame 

^ 3 rcafons. 
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reafons,  the  furniture  of  a bed  fliould  be  neither 
altogether  of  a white  or  red  colour ; indeed,  thofe 
whofe  eyes  are  weak,  would  find  confiderable 
advantage  in  having  green  for  the  furniture  of 
their  bed-chamber.  Nature  confirms  the  pro- 
priety of  the  advice  given  in  this  rule  : for  the 
light  of  the  day  comes  on  by  flow  degrees,  and 
green  is  the  univerfal  colour  fire  prefents  to  our 
eyes. 

5.  The  long-fighted  fhould  accufiom  them- 
felves  to  read  with  rather  iefs  light,  and  fom.e- 
what  nearer  to  the  eye  than  what  they  naturally 
like;  while  thofe  that  are  fliort-fighted,  fliould 
rather  ufe  themfelves  to  read  with  the  book  as 
far  off  as  poffible.  By  this  means,  both  would 
improve  and  flrengthen  their  fight  ; while  a con- 
trary ccurfe  wdll  increafe  it’s  natural  imperfec- 
tions. 

There  is  nothing  which  preferves  the  fight 
longer,  than  always  uling,  both  in  reading  and 
writing,  that  moderate  degree  of  light  which  is 
beft  fuited  to  the  eye  ; too  little  ffrains  them,  too 
great  a quantity  dazzles  and  confounds  them.  The 
eyes  are  Icfs  hurt  by  the  want  of  light,  than  by 
the  excefs  of  it ; too  little  light  never  does  any 
harm,  unlefs  they  are  Ifraincd  by  efforts  to  fee 
objeds,  to  which  the  degree  of  light  is  inade- 
quate ; but  too  great  a quantity  has,  by  it’s  own 
power,  deftroyed  the  fight.  Thus  many  have 
brought  on  themfelves  a catarad,  by  frequently 
looking  at  the  fun,  or  a fire  ; others  have  loft 
their  fight,  by  being  brought  too  fuddenl}^  from 
an  extreme  of  darknefs  into  the  blaze  of  day. 
How  dangerous  the  looking  upon  bright  lumi- 
nous objeds  is  to  the  fight,  is  evident  from  it’s 
effecds  in  thofe  countries  which  are  covered  the 
greater  part  of  the  year  with  fnow^,  w'here  blind- 
nefs  is  exceeding  frequent,  and  where  the  traveller 
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is  obliged  to  cover  liis  eyes  with  crape,  to  prevent 
the  dangerous,  and  often  fiidden  eliebls  of  too 
much  light : even  the  untutored  favage  tries  to 
avoid  the  danger,  by  framing  a little  wooden  cafe 
for  his  eyes,  with  only  two  narrow  flits.  A mo- 
mentary gaze  at  the  fun,  will,  for  a time,  unfit  the 
eyes  for  viiion,  and  render  them  infcnfible  to  im- 

prclTions  of  a milder  nature. 

The  following  eafes  from  a fmall  tradl  on  the 
Fabric  of  the  Eye F are  fo  applicable  to  the  prefent 
article,  as  to  want  no  apology  for  their  infertion 
here ; though,  if  any  were  neceffary,  the  ufe  they 
will  probably  be  of  to  thofe  whofe  complaints  arife 
from  the  fame  or  fimilar  caufes,  would,  I prefume, 
be  more  than  futheient. 

“ A lady  from  the  country,  coming  to  refide 
in  St.  James’s-fquare,  was’  afflicted  with  a pain  in 
the  eye,  and  a decay  of  fight.  She  could  not  look 
upon'  the  (tones,  when  the  fun  flione  upon  them, 
without  great  pain.  This,  which  (lie  thought  was 
one  of  the  fymptoms  of  her  diforder,  was  the  real 
caufe  of  it.  Her  eyes,  which  had  been  accuftomed 
to  the  verdure  of  the  country,  and  the  green  of  the 
pafture  grounds  before  her  houfe,  could  not  bear 
the  violent  and  unnatural  glare  of  light  relieved 
from  the  (tones ; (lie  was  advifed  to  place  a num- 
ber of  fm.all  orange  trees  in  the  windows,  fo  that 
their  tops  might  hide  the  pavement,  and  be  in  a 
line  with  the  grafs.  She  recovered  by  this  fimple 
change  in  the  light,  without  the  afflitance  of  any 
medicine  ; though  her  eyes  were  before  on  the 
verge  of  little  Ids  than  blindnefs.” 

A gentleman  of  the  law  had  his  lodgings  in 
Pall-mall,"  on  the  north-fide,  his  front  windows 
were  expofed  to  the  full  noon  (lin,  w'hile  the  back 
room,  having  no  opening,  but  into  a (mall  clofe 
yard,  furrounded  with  high  walls,  wa^j  very  dark 5 

^ 4 he 
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he  wrote  in  the  back  room,  and  ufed  to  come  from 
that  into  the  front  to  breakfaft,  &c.  his  fight  grew 
weak,  and  he  had  a conlfant  pain  in  the  balls  of  his 
eyes;  he  tried  vifual  glafles, and fpoke  with  oculifts, 
equally  in  vain.  Being  foon  convinced,  that  the 
coming  fuddenly  out  of  his  duflcy  ftudy,  into  the 
full  blaze  of  fun-fhine,  and  that  very  often  in  the 
day,  had  been  the  real  caufe  of  his  diforder ; he 
took  new  lodgings,  by  which,  and  forbearing  to 
write  by  candle-light,  he  w’as  very  foon  cured.’* 

Blindnefs,  or  at  leaft  miferable  w^aknelTes  of 
fight,  are  often  brought  on  by  thefe  unfufpedled 
caiifes.  Thofe  who  have  weak  eyes,  fhould  there- 
fore be  particularly  attentive  to  fuch  circumftances, 
fince  prevention  is  eafy,  but  the  cure  may  be  diffi- 
cult, and  fometimes  impradticable. 

Whatfoever  care,  however,  be  taken,  and 
though  every  precaution  be  attended  to  with  feru- 
pulous  exadtnefs ; yet  as  we  advance  in  years,  the 
powers  of  our  frame  gradually  decay ; an  effedl  wffiich 
is  generally  firft  perceived  in  the  organs  of  vifion. 

Age  is,  however,  by  no  means  an  abfolute  cri- 
terion, by  which  we  can  decide  upon  the  fight,  nor 
will  it  prove  the  neceffity  of  wearing  fpecftacles. 
For,  on  the  one  hand,  there  are  many  whofe  fight ' 
is  preferved  in  all  it’s  vigour,  to  an  advanced  old 
age ; while,  on  the  other,  it  may  be  impaired  in 
youth  by  a variety  of  caufes,  or  be  vitiated  by  in- 
ternal maladies.  Nor  is  the  defedt  either  the  fame 
in  different  perfons  of  the  fame  age,  or  in  the  fame 
perfon  at  different  ages ; in  fomc  the  failure  is  na- 
tural, in  others  it  is  acquired. 

From  whatever  caufes  this  decay  arifes,  an  at- 
tentive confidcration  of  the  following  rules  w’iil 
enable  every  one  to  judge  for  himfelf,  when  his 
fight  may  be  affifed  or  preferved  by  the  ufe  of 
fpedtaclcs. 


I.  When. 
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1.  When  we  are  obliged  to  remove  fmall  ob- 
jedls  to  a coniiderable  di fiance  from  the  eye,  in 
order  to  fee  them  diftinblly. 

2.  If  we  find  it  necefTary  to  get  more  light 
than  formerly ; as  for  inffance,  to  place  the  candle 
between  the  eye  and  the  objed:. 

3.  If  on  looking  at,  and  attentively  confider- 
ing  a near  object,  it  becomes  confufed,  and  appears 
to  have  a kind  of  mift  before  it. 

4.  When  the  letters  of  a book  run  one  into 
the  other,  and  hence  appear  double  and  treble. 

5.  If  the  eyes  are  fo  fatigued  by  a little  exer- 
cife,  that  we  are  obliged  to  fhut  them  from  time 
to  tioic,  and  relieve  them  by  looking  at  different 
objeds. 

When  all  thefe  circumflanccs  concur,  or  any 
of  them  feparatcly  take  place,  it  will  be  necefTary 
to  feek  afliffance  from  glaffes,  which  will  now*  eafe 
the  eyes,  and  in  Tome  degree  check  their  tendency 
to  grow  flatter ; whereas  if  they  be  not  affifted  in 
time,  the  flatnefs  will  be  confiderabiy  increafed,  and 
the  eyes  be  weakened  by  the  efforts  they  are  com- 
pelled to  exert. 

We  arc  now  able  to  decide  upon  a very  im- 
portant queftion,  and  fay  how'  far  fpedaclcs  may  be 
' faid  to  be  prejervers  of  the  fight.  It  is  plain  they 
can  only  be  recommended  as  fuch,  to  thofe  whofe 
eyes  are  beginning  to  fail;  and  it  would  be  as  ab- 
furd  to  advife  the  ufe  of  fpcdacles  to  thofe  who 
feel  none  of  the  foregoing  inconveniences,  as  it 
would  be  for  a man  in  health  to  ufe  crutches  to 
fave  his  legs.  But  thofe  who  feel  thofe  in- 
conveniences, fmuld  immediately  take  to  fpec- 
tacles,  which,  by  enabling  them  to  fee  objeefs 
nearer,  and  by  facilitating  the  union  of  the  rays  of 
light  on  the  retina,  will  fupport  and  preferve  the 
iighr. 


Of 
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Ok  Couched  Eyes. 

With  the  difeafes  of  the  eye,  thefe  Lecflures 
have  no  concern  ; they  have  been  already  well  and 
ably  conlidered  by  profeirional  men  ; and  it  is  fcarce 
ncceffary  to  obferve,  that  in  anatomical  knowledge, 
and  in  the  practical  operations  of  furgery,  England 
now  claims  a jufl  pre-eminence  over  other  nations. 

But  among  the  various  difeafes  of  this  organ, 
tb.crc  is  one  in  w hich,  after  the  furgeon  has  quitted 
the  patient,  glaifcs  are  ncccffary,  to  give  eifed  to 
the  operation,  and  a comfortable  fight  of  objeds  t(^ 
the  perfon  relieved.  This  difeafe  is  the  catarad, 
a dilbrder  affeding  the  xryftalline  humour  of  the 
eye ; w hen  the  opacity  is  confirmed,  this  humour 
becomes  fo  opake,  as  fcarcely  to  admit  any  rays  of 
light,  and  prevents  their  producing  their  ordinary 
eiieds,  and  confcquently  no  image  of  any  objed  is 
formed,  though  the  retina,  and  other  organs  of 
light,  are  in  perfed  order.  There  is  no  diforder 
more  deplorable  in  it’s  nature  and  confcquences  ; 
defirudive  of  the  fight,  often  beyond  the  reach  of 
remedy  : the  hand  of  the  operator  is  the  only  hope, 
and  his  efibrts  are  foraetimes  unfuccefsful. 

The  caufe  of  this  diforder  is  feldom  knotvn. 
Somctimies  it  has  been  thought  to  be  brought  on 
by  frequent  infpedtion  of  the  fun,  and  fometimes 
by  looking  too  long  and  too  often  at  a bright  fire. 
In  early  ftages  of  the  difeafe  it  has  been  thought  to 
be  removed  by  mediefne.^  Of  the  various  re- 
medies 

* Baron  He  Wenael,  in  his  Treatife  on  the  Catarafl,  denies 
tliat  any  medicine  has  power  to  dlfhpate  the  opake  cryflalline. 
rvlr.  Ware,  in  his  franflation  of  this  work,  aifents  to  the  truth  ol 
the  Baron's  ohfervation,  fo  far  as  is  at  prefent  known;  but  adds, 
that  many  cafes  have  occurred,  under  his  own  infpeftion,  which 
prove  that  the  powers  of  nature  are  often  fuflicient  for  this  pur- 
pofe,  'Hiofe  opacities  in  particular,  which  arc  produced  by  exter- 
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medics  that  have  been  iifed  for  this  purpofe,  the 
clcdliical  ftream  is  fuppofed  by  many  to  be  the 
bed,  on  account  of  it’s  powerful  difeutient  pro- 
perties. 

The  affidance  the  eye  receives  from  the  fur- 
geon  is  cither  by  depreffion  of  the  cryftallinc 
below  the  pupil,  or  cxtraTing  the  cataract.  But 
as  the  denfity  of  the  vitreous  humour,  which  fup- 
plies  the  place  of  the  crydallinc,  is  lefs,  the  rays  of 
lig-ht  will  be  lefs  refraded,  and  not  meet  at  the  re- 
tina,  but  at  fome  didance  behind  it;  the  fight  will 
therefore  be  imperfect,  except  the  eye  be  adided 
with  a proper  convex  glafs.  There  is  a circum- 
dance  attending  couched  eyes,  which  fully  evinces, 
that  the  change  made  in  our  eyes,  to  accommodate 
them  to  the  didances  of  objedls,  mud  be  principally 
attributed  to  the  crydalline  humour;  namely,  that 
one  focus  is  feldom  fuihcient  to  enable  thofe  who 
have  undergone  this  operation,  to  fee  objecls  at  dif- 
ferent didances.  They  generally  require  two  pair  of 
fpeCtacles,  one  for  near,  the  other  for  more  didant 
objeCls.  The  foci  that  are  ufed  lie  between  6 and 
I ^ inches. 

It 


nal  violence,  he  has  repeatedly  feen  dlffipated  in  a fhort  fpace  of 
time,  when  no  other  parts  of  the  eye  have  been  hurt ; and  in  ge- 
neral, in  cales  of  this  defeription,  the  cryftalline  humour  has 
been  dilTolved  ; which  has  been  demonftrated,  by  (he  benefit  the 
patient  has  afterwards  derived  from  adopting  the  ufe  of  deeply 
convex  glafies.  Mr.  Ware  adds,  that  inftances  are  not  wanting, 
in  which  catara6fs,  which  were  formed  without  any  violence, 
have  been  luddenly  dllTipated,  in  conf«quence  of  an  accidental 
blow  on  the  eye.  For  tlicfe  reafons  he  entertains  a hope,  that 
means  may  hereafter  be  dneovered,  by  which  an  opakc  cryflal- 
line  may  be  rendered  tranio  irent,  without  the  performance  of 
any  operation  wnatever.  The  remedies  which  have  appeared 
to  Mr.  Ware  moie  clTcclual  than  others,  in  thefe  cafes,  have 
been  the  application  to  (he  eye  itfelf  of  one  or  two  drops  of 
aether,  once  or  twice  in  the  courfc  of  the  clay,  and  the  occafional 
rubbing  of  the  eye  over  the  lid,  witli  the  point  of  ihe  finger,  firfl 
moiffenrd  with  a weak  valaiile  or  mercurial  'liniment,  .Sec 
V\Trc's  tranllation  oi  Wcnzei’i.  Trcatifc  on  the  Calaradl,  naic  i a. 
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It  is  not  advifeabic  to  ufo  glafTes  too  foon  after 
the  operation ; for  while  the  eyes  are  in  a debili- 
tated flate,  all  <?xertiGiis  are  not  only  improper,  but 
alfo  very  prejudicial. 

Of  the  Short-sighted. 

In  this  defect  of  the  eyes,  the  images  of  objedls 
at  an  ordinary  diltance  unite  before  they  arrive  at 
the  retina,  and  confcquently  the  imiages  formed 
thereon  are  confufed  and  indiftinct.  This  elfeB  is 
produced  cither  by  too  great  a convexity  in  the 
cornea  and  cryftalline,  or  too  great  a refractive 
power  in  the  humours  of  the  eye;  or  the  retina 
may  be  placed  too  far;  or  it  may  arife  from  a con^ 
currcnce  of  all  tliefe  circumftances. 

Thofe  w ho  are  Ihort-lighted  can  diftinguifli 
fmallcr  objects,  and  fee  clearly  a given  fmall  objedl 
with  Icfs  light  than  other  people  ; the  reafon  is  evi- 
dent, for  the  nearer  the  objecd  is,  the  more  light 
enters  the  pupil ; being  alfo  more  denfe,  it’s  action 
is  more  powerful  on  the  rejtina;  hence  the  fhort- 
hghted  can  read  a fmall  print  by  moon-flrine,  or  in 
the  twilight,  w hen  a common  eye  can  fcarce  dif- 
tinguifli  one  letter  from  another. 

In  a Itrong  light  they  can  fee  a little  farther 
than  they  do  when  it  is  weak;  the  llrength  of  the 
light  caufes  the  pupil  of  their  eyes  to  contradt,  and 
thus  removes  in  fome  degree  the  indillindtnefs  of 
the  objcdls.  Upon  the  fame  principle  we  may  ac- 
count for  the  fhort-Iighted  fo  often  partly  hiutting 
their  eyelids,  from  whence  they  were  formerly  de- 
nominated myopes  ; by  this  means,  they  confine  the 
bafes  of  the  pencils  of  rays  which  iffue  from  the 
points  of  an  objedt,  and  thus  contradi:  the  circle  of 
dilTipation,  and  lelTen  the  indiflindlncfs  of  vifion : 
hence  they  alfo  fee  objedts  more  diftindfly  through 
a fmall  hole,  a^  that  made  by  a pin  in  a card. 
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It  is  a common  obfcrvation,  that  the  fliort-* 
fighted  do  in  general  prefer  a final  1 print  to  a large 
one,  and  that  they  ufually  write  a fmall  hand  ; for 
by  the  proximity  the  letters  are  magnified,  and, 
being  fmall,  they  take  in  a greater  number  at  one 
view  ; they  hold  the  book  they  are  reading  in  ge- 
nerally inclined  to  one  fide,  in  order  to  attain  a 
greater  degree  of  illumination.  As  they  can  only 
fee  diftindlly  objects  that  arc  near,  they  are  obliged, 
by  a ftrong  effort  of  the  mind,  to  caufe  the  axes  of 
the  eyes  to  converge;  this  effort  being  painful, 
forces  them  often  to  turn  away  one  of  their  eyes, 
which  producing  double  vifion,  they  are  obliged  to 
Ibut  it.  When  they  hold  a book  diredlly  before 
their  eyes,  the  picture  will  fall  upon  the  middle  of 
the  retina;  but  if  they  hold  it  obliquely,  it  will  fall 
upon  the  iidc  of  the  retina  ; now  the  middle  of  the 
retina  is  further  from  the  fore  part  of  the  eye  thail 
the  fide  of  it  is.  Therefore  though  the  piedure 
be  fo  near  to  the  fore  part  of  the  eye  as  to  be 
confufed  if  it  fall  upon  the  middle,  it  may  be 
di Hindi  when  it  falls  upon  the  fide. 

As  thofc  who  arc  very  fhort-lighted  do  not 
perceive  the  motion  of  the  eyes  and  features,  they 
feldom  look  attentively  at  thofe  with  whom  they 
are  converling : it  is  from  this  circumftance  that 
Pliny  terms  the  prorninent-eyed  hebetiores  \ not 
that  this  defedl  in  fight  impairs  genius,  or  Icffen^ 
the  powers  of  the  mind ; but  as  it  deprives  them 
of  the  rapid  communications  that  arc  made  by 
. the  eye,  it  apparently  lelfens  that  vivacity  of  con- 
ception, which  always  accompanies  a vigorous 
mind. 

Happily  for  the  fliort-fighted,  the  principal 
inconveniences  of  their  fight  may  be  remedied  bv 
the  ufe  of  concave  glaffes  ; by  their  affiHance, 
thofe  whofe  fphere  of  diftindl  vifion  fcarce  ex- 
tended beyond  their  arm,  are  enabled  to  dillin,. 
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guiUi,  very  fatisfadlorily,  objecT:s  at  a confiderable 
diftance  ; the  concave  lens  produces  diftinbt  vi- 
fion,  by  caiifing  the  rays  to  diverge  more,  and 
unite  at  the  retina,  inftead  of  meeting  before  they 
reach  the  bottom  of  the  eye. 

In  the  choice  of  glalfes  for  the  fhort-fighted, 
no  rules  can  be  laid  down ; it  is  a defedl  that  has 
no  connection  with  age,  no  ftated  progrelTion 
that  can  be  a foundation  to  guide  the  optician,  or 
lead  him  to  recommend  one  glafs  in  preference  to 
another ; the  whole  muft  depend  on  the  obferva- 
tion  of  the  fhort-fighted  themfelves,  who,  by  i 
trying  glaffes  of  different  degrees  of  concavity, 
W’ill  foon  find  out  that  whofe  effects  are  moff  ad- 
vantageous, producing  diffindt  vifion  at  different 
diftances. 

If  the  fhort-fighted  perfon  is  fo  far  removed 
from  an  optician,  as  not  to  have  an  opportunity 
of  trying  a variety  of  lenfes,  he  may  be  nearly 
fuited,  by  fending  to  him  the  greateft  diffance  at 
which,  with  his  naked  eye,  he  can  fee  diffindlly; 
he  will,  by  the  following  rule,  be  enabled  to  fuit 
him  with  tolerable  exadtnefs. 

Multiply  the  diffance  at  which  the  ffiort- 
fighted  perfon  fees  diftindtly  wdth  his  naked  eye, 
by  the  diffance  at  which  it  is  required  he  fhould 
fee  diftindly  by  a concave  glafs,  and  divide  the 
product  by  the  difference  between  the  aforefaid 
diffances  : if  the  required  diffance  be  very  remote, 
the  glaffes  muft  be  of  that  radius  at  w’hich  they 
fee  diffindtly  wuth  their  naked  eyes. 

The  benefit  the  ffiort-fighted  receive  from 
concave  glaffes,  is  not  fo  great  as  the  long-fighted 
find  by  a convex  lens ; for  an  objedt  is  not  only 
magnified,  but  the  eye  receives  alfo  a larger  pen- 
cil of  light  from  each  vifible  point,  becaufe  the 
rays  enter  lefs  diverging:  whereas  the  concave 
not,  only  diminifhes  the  object  in  lize,  but  it 
' ’ leffens 
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IcfTcns  alfo  the  quantity  of  light,  as  it  renders  the 
rays  more  diverging;  confequcntly  the  fliort- 
lighted  do  not  fee  remote  objeds,  unlefs  they  are 
very  large  and  bright,  fo  well  through  a concave 
lens  as  theory  promifes  : for  the  chief  impedi- 
ment to  a diftind  view  of  remote  objeds,  is  their 
vvant  of  light  and  magnitude,  but  both  of  thefe  a 
concave  lens  increafes. 

It  is  generally  fuppofed,  that  the  fhort-fighted 
become  lefs  fo  as  they  advance  in  years,  as  the 
natural  Oirinking  and  decay  in  the  humours  of 
the  eye  lellen  it’s  convexity,  and  thus  adapt  it 
better  for  viewing  of  diftant  objeds ; but  among 
the  great  number  of  Ihort-fighted  that  I have  ac- 
commodated with  glaffcs,  1 have  ever  found  the  rc- 
verfe  of  this  theory  to  be  true,  and  the  eyes  of  the 
myopes  never  required  glafics  lefs  concave,  but 
generally  more  concave  as  they  grew  older,  to 
enable  them  to  fee  at  the  fame  difiance. 

Further,  the  effeds  of  habit,  which  are  in  moft 
cafes  very  powerful,  but  peculiarly  fo  in  the  af- 
fedions  of  the  eye,  have  a natural  tendency  to  in- 
creafe  the  defed  of  the  myopes;  for  by  frequently 
looking  clofe  to  objeds,  in  order  to  fee  them 
diftindly,  they  would  make  themfclves  near-light- 
ed, though  their  eyes  were  naturally  the  reverfe  ; 
hence  we  find,  that  watch-makers,  engravers, 
and  fudious  perions,  often  bring  on  this  defect. 
By  reading  or  working  at  as  great  a difiance  as 
pofTiblc,  and  often  looking  at  rciPiOte  objeds,  the 
degree  of  fhort-lightednefs  may  be  much  ielfened. 
As  children  in  general  read  niuch  nearer  than 
grown  perfons,  if  they  are  fuffered  to  indulge  this 
propenlity,  they  become  naturally  fliort-lighted. 

I have  found  it  necelfary,  in  fome  inflances. 
to  give  convex  glafles  to  the  Ihort-lighted,  when 
very  far  advanced  in  age,  not  becaufc  their  eyes 
were  grown  lefs  convex,  but  to  give  them  more 

light, 
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light,  and  counteradt  an  extreme  contradion  of  the 
pupil. 

Great  as  are  the  difadvantages  of  the  fhort- 
fighted,  they  arc  lefs,  perhaps,  with  refped  to  dif- 
tant  objeds,  than  is  generally  imagined  ; they  fee 
the  brighter  flars  and  planets,  nearly  as  well  as 
other  people.  They  are  prevented  indeed  from 
dilfinguifliing  beyond  a certain  fmall  diftance,  the 
fmall  parts  of  an  objed  which  are  very  vifible  to 
another  ; thus  they  cannot  dillinguifli  the  features 
of  a face  acrofs  a room,  and  as  objeds  are  generally 
diferiminated  by  their  minuter  parts,  their  difad- 
vantage  in  viewing  objeds  at  a moderate  dihance 
is  very  evident.  But  though  fuch  a perfon  cannot 
difeern  the  minutiae  of  objeds,  unlefs  they  are  very 
large  and  very  near  him  ; yet  he  can  perceive  any 
objed  in  the  grofs,  at  a confiderable  diftance,  if  it 
be  not  too  fmall : thus  he  may  perceive  a man  at 
the  diftance  of  feveral  paces,  but  mufi;  advance 
within  one  or  two,  before  he  can  determine  who 
he  is,  or  call  him  by  his  nanae ; he  will  fee  a large 
tree  much  further,  and  from  experience  in  fuch  - 
cafes,  will  perceive,  that  a large  obfeure  objed  at 
a great  diftance  is  an  houfe,  to  the  furprizc  of  his 
friends  who  are  acquainted  with  the  nature  of  his 
light.  On  thefe  principles,  we  may  eafily  account 
for  the  apparent  paradox  of  the  pur-blind,  orthofe 
who  can  fcarcely  fee  a fmall  objed  at  arm’s  length, 
yet  difeovering  thofe  that  are  very  remoLe. 
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LECTURE  XVIIL 

ON  THE 

NATURE  OF  VISION. 


Of  the  Distance,  Magnitude,  and  apparent 

Place  of  Objects* 

Let  us  now  confider  by  what  means  the  piM, 
affifted  by  the  eyes,  is  informed  of  the  diflance 
of  objects,  hijlancey  of  itfclf  and  immediately,  is 
imperceptible ; for  it  is  only  a line  diredted  end- 
ways to  the  eye.  Thus,  if  I look  endways  at  this 
piece  of  packthread>  the  length  of  it  would  be  in- 
vihble  from  it’s  lituation,  and  therefore  the  image 
on  the  retina  can  only  be  a pointy  which  point  will 
be  invariably  the  fame  at  all  diftances;  whether  the 
objed  be  a thoufand  miles,  or  only  a foot  from  us, 
the  point  is  ftill  the  fame. 

The  change  of  conformation  in  the  eye^  is  the 
firft  means  uchereby  the  eye  judges  of  diftance*  If  the 
figure  of  the  eye  and  the  lituation  of  all  it’s  parts 
were  to  continue  always  the  fame  at  all  dillances 
of  the  objeds  we  are  looking  at,  the  pidure  of 
fome  objeds  upon  the  retina  would  be  confufed, 
bccaufe  they  are  too  far  off,  and  others  becaufe 
they  are  too  near.  In  viewing  objeds  at  fmall 
but  different  diftances,  the  eye  muff  change  it’s 
conformation  for  procuring  diltind  vilion.  Young 
people  have  commonly  the  power  of  adapting  their 
eyes  to  all  diftances  of  the  objed,  from  6 or  7 in-' 
ches  to  15  or  16  feet,  fo  as  to  have  perfed  and 
diltind  vilion  at  any  diftance  within  thefe  limits. 
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The  effort  they  ufe  to  adapt  the  eye  to  any  parti- 
cular diftance  of  objedts,  within  that  diftancc, 
will  become  a fign  of  that  diftancc. 

This  change  in  the  conformation  of  the  eye  has 
it’s  limits,  beyond  which  it  cannot  go  ; it  can  there- 
fore be  of  no  ufe  to  us  in  judging  of  the  diftance  of 
objecls  that  are  placed  beyond  the  limits  of  dif- 
tindl  vifion.  But  as  the  objedl  appears  more  or 
lefs  confufed,  acccording  as  it  is  more  or  lefs  re- 
moved from  thefe  diftances,  the  degree  of  confu- 
fion  in  the  objefts  affifts  the  mind  in  judging  of  dif- 
tances,  and  becomes  a lign  thereof  conliderably 
beyond  the  limits  of  diftind;  vifion.  This  confu- 
fednefs  has  alfo  it’s  bounds,  beyond  which  the 
image  on  the  retina  will  not  be  fenlibly  more  in- 
diftindl,  though  the  objedl  be  removed  to  a much 
greater  diftance. 

If  therefore  we  had  no  other  means  but  this 
of  perceiving  the  diftance  of  vifible  objedls,  the 
moft  diftant  would  not  appear  to  be  above  20  or 
30  feet  from  the  eye  ; and  the  tops  of  houfes  and 
trees  would  feem  to  touch  the  clouds,  becaufe  in 
that  cafe  the  ligns  of  all  greater  diftances  being 
the  fame,  they  have  the  fame  fignification,  and 
give  the  fame  perception  of  diftance. 

We  are  therefore  provided  with  another  means, 
namely,  the  inclivation  of  the  optic  axes.  In  view- 
ing an  objed;  attentively  v ith  both  eyes,  we  always 
dircct'both  eyes  towards  it,  and  the  nearer  the  cb- 
je<5t  is  the  more  they  will  be  inclined  to  each 
other,  and  the  more  remote  the  lefs  will  be  this 
inclination  : and  although  we  are  not  confeious 
of  this  inclination,  yet  we  are  confeious  of  the 
clfort  employed  in  it.  By  this  means  we  perceive 
fmall  diftances  more  accurately  than  we  could  do 
by  the  conformation  of  the  eye  only ; and  there- 
fore wx  find  that  thofe  who  have  loft  the  fight  of 
one  eye,  arc  apt,  even  within  arm’s  length,  to  make 
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mlftakes  in  the  diftance  of  obje(5ls,  which  are  eafily 
avoided  by  thofe  who  fee  with  both  eyes  : fuch 
miftakes  are  often  difeovered  in  fnuffing  a candle; 
threading  a needle,  and  filing  a tea-cup.  A per- 
fon  who  plays  well  at.  tennis,  will  find  himfelf 
fiibic(^f  to  the  fame  miflakes  the  firft  time  he  plays 
with  his  eye  hoodwinked. 

To  be  convinced  of  the  truth  of  this  obferva- 
tion,  fufpend  by  a thread  a ring,  fo  that  the  edge 
may  be  towards  you,  and  it’s  hdle  look  right  and 
left ; take  a fiick  which  is  crooked  at  the  end,  and 
retiring  2 or  3 paces  from  the  ring,  cover  one  eye 
with  yom  hand,  and  end'.avour  with  the  other  to 
pafs  the  ciooked  end  of  the  rod  through  the  ring: 
eafy  as  the  experiment  may  appear,  you  will 
fcarcely  fucceed  once  in  a hundred  times  if  you 
move  the  rod  quickly; 

Although  this  fccond  mean  of  perceiving  the 
difiance  of  vifibjc  objects  be  more  exa6l  and  de- 
terminate than  the  firfi,  yet  .it  hath  it’s  limits, 
beyond  w hich  it  can  fee  of  no  ufc.  For  when  the 
optic  axes  dirc6ted  to  an  objefl  are  fo  nearly  pa- 
rallel, that  in  di reeling  them  to  an  objed  yet  more 
difiant,  we  are  not  confeious  of  any  new  effort,  nor 
have  any  dificrent  fenfation,  our  perception  of  dif- 
tance  flops  ; and  as  all  more  difiant  objeds  afied 
the  eye  in  the  fame  manner,  we  perceive  them  to 
be  at  the  fame  difiance.  This  ihews  why  the  fun, 
moon,  planets,  and  fixed  fiars,  "when  not  feen  near 
the  horizon,  appear  to  be  all  at  the  fame  difiance; 
as  if  they  touched  the  concave  furfacc  of  a great 
fphere. 

The  colours  and  degrees  of,  Irightnejs  in  ohjeFls 
is  a caiife  of  a difference  of  apparent  d'ljlance.  As 
objeds  become  more  and  more  remote,  they  gra-- 
dualy  appear  more  faint,  languid,  and  obfeure  ; 
their  minute  parts  become  more  indifiind  ; their 
outline  ieis  accurately  defined  ; their  colours  not 
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only  lofe  their  luftrc,  but  degenerate  from  their  na-* 
tural  hue,  and  are  tinged  with  the  azure  of  the 
intervening  atmofphere.  It  is  by  thefe  means 
that  painters  can  reprefent  upon  the  fame  canvas 
objeds  at  very  different  diftances.  The  diminu- 
tion of  magnitude  in  an  objedl  would  not  be  fuffi- 
cient  to  make  it  appear  at  a great  diftance  without 
this  . degradation  of  colour,  indiftindinefs  of  the 
outline,  and  of  the  minute  parts.  If  a painter 
fliould  make  a human  figure,  ten  times  lefs  than 
other  human  figures  that  are  in  the  fame  piece, 
having  the  colours  as  bright,  and  the  outline  and 
minute  parts  as  accurately  defined,  it  would  not 
have  the  appearance  of  a man  at  a great  diftance, 
but  of  a pigmy  or  Lilliputian.  Painters  therefore, 
to  give  their  figures  a due  degree  of  remotenefs, 
are  obliged  to  lay  over  each  a thick  colouring  of 
air;  for  the  more  remote  the  objecl,  the  more  do  it’s 
own  colours  feem  lofl:  in  that  of  the  intervening 
atmofphere.  This  is  Called  kccpi?igy  for  by  this 
means  every  object  in  a pidurc  feems  to  keep  it’s 
proper  diftance  from  the  reft. 

Dr.  Smith  crives  us' a curious  obfervation  made 

O 

by  Biftiop  Berkeley  in  his  travels  through  Italy 
and  Sicily.  He  obferved,  that  in  thofc  countries, 
cities  and  palaces,  feen  at  a great  diftance,  ap- 
peared nearer  to  him  by  fevcral  miles  than  they 
really  were;  and  this  he  attributed  to  the  purity 
of  the  Italian  and  Sicilian  air,  which  gave  to  very 
diftant  objedis  that  degree  of  brightnefs  and  dif- 
tinflnefs,  which  in  the  grofler  air  of  England  was 
only  feen  in  thofe  that  were  near.  Hence  a cham- 
ber appears  lefs  when  it’s  walls  are  whitened,  and 
fields  and  hills  appear  lefs  when  covered  with 
fnow. 

It  is  alfo  certain,  that  in  air  uncommonly  pure 
vve  ai'e  apt  to  think  vifible  objects  nearer  and  lefs 
than  they  really  arc,  and  in  air  uncommonly  foggy 

we 
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v>’c  are  apt  to  think  them  more  difiant  and  larger 
than  the  truth.  A'  weftcrly  profped:  in  a clear 
morning,  with  the  fun  upon  it,  appears  nearer  than 
when  the  fun  is  higher  up -and  more  werterly.  Ihe 
difppfition  of  the  clouds  and  innumerable  other 
circumlfanccs  affecfl  the  brightnefs  ot  objc(^ls,  and 
contribute  their  fliarc  in  forming  our  ideas  of  the 
diftance  of  remote  objedts. 

The  length  of  the  ground-planey  or  number  of 
intervening  parts  perceived  in  ity  is  another  mean  by 
vnhich  we  perceive  diflance.  W^e  arc  fo  much  ac- 
cuftomed  to  meafurc  with  our  eye  the  ground  we 
travel  over,  and  to  compare  the  judgjnent  of  dif- 
tances  formed  by  fight  with  adlual  experience  or 
information,  that  we  by  degrees  in  this  way  form 
a more  accurate  judgment  of  the  dillance  of  ter-, 
reftrial  objedls  than  we  could  do  by  any  of  the 
above-mentioned  means. 

A given  extent  appears  longer  according  as  it 
contains  a greater  number  of  vifible  parts ; and  hence 
two  remote  and  very  unequal  dihances  may  appear 
very  unequal,  according  to  the  diiferent  circum- 
fiances  of  the  intervening  parts,  and  as  the  fpec- 
tator  is  differently  elevated.  Thus  a hedge  having 
in  it  feveral  grown  trees,  generally  looks  longer 
than  a dipt  hedge,  or  the  fame  extent  of  ground 
in  an  open  held.  For  the  fame  reafon  a row  of 
houfes,  columns,  or  trees  regularly  planted,  appear 
longer  than  a plain  wall  of  the  lame  extent ; for  in 
this  cafe  there  are  not  only  more  vifible  and  re- 
markable parts  in  the  one  cafe,  but  our  pre-know-^ 
ledge  of  the  feveral  intervening  objedts  being  equi- 
dihant,  tends  to  protraff  the  apparent  length  of 
i^^he  whole  chain  ftill  longer.  A river  at  hrft  does 
not  look  fo  broad  as  it  docs  after  you  have  had  a 
fide  view  of  the  bridge  acrofs;  and  indeed  a given 
extent  of  water  docs  not  appear  fo  long  as  the  fan. e 
extent  of  land,  it  being  more  dithciilt  to  diftin- 
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guifh  parts  in  the  furface  of  the  one,  than  it  is  in 
Che  furface  of  the  other.  Hence  a perfon  unufed 
to  a fea  profpecl  will  be  much  miftaken  in-  his 
judgment  of  diftanccs ; a fhip  that  is  8 or  lo  miles 
from  the  fhore,  will  fcarce  feem  to  him  to  be  a 
mile  off. 

When  part  of  the  intervening  chain  is  invi^ 
fible,  or  obfcurely  feen,  the  apparent  diffances  of 
objecls  that  are  beyond  that  part  will  be  accord- 
ingly lefs.  Thus  a certain  extent  of  rough,  uneven 
ground,  appears  fhorter  than  the  fame  extent  of 
plain  ground  ; the  prominent  parts  hiding  the  ca- 
vities behind  them,  the  apparent  diflance  is  fo 
much  the  lefs  by  the  lofs  ot  thofe  invilible  parts. 
For  the  fame  reafon  the  brow  of  an  hill  feen  over 
the  top  of  another  frequently  looks  nearer  than  it 
does  after  the  vale  between'  prefents  itfelf  to  our 
view  ; and  the  banks  of  a river  at  fome  diflancc, 
will  feem  contiguous,  if  no  part  of  the  furface  of 
Che  river  is  vilible. 

The  known  diflance  of  the  terrefbrial  objedls 
which  terminate  our  view,  makes  that  part  of  the 
fky  which  is  towards  the  horizon  appear  more  dif- 
tant  than  that  which  is  towards  the  zenith.  And  . 
hence  the  apparent  figure  of  the  flcy  is  not  that 
of  a hemifphere,  but  rather  a lefs  fegment  of  a 
fphere  ; and  the  diameter  of  the  fun  or  mQon,  and 
the  diftance  between  two  lixed  ftars,  feen  conti- 
guous to  a hill,  or  to  any  terreftrial  objecl,  appear 
much  greater  than  when  no  fiich  objedt  ftrikes  the 
eye  at  the  fame  time. 

When  the  vifible  horizon  is  terminated  by 
very  difiant  objedts,  the  ccleftial  vault  is  enlarged 
in  all  it’s  dimenfons.  When  viewed  from  a con- 
fined Ifrect  or  lane,  it  bears  fome  proportion  to  the 
buildings  which  furround  it  ; but  when  viewed 
from  a large  plain,  terminated  on  all  lides  by  hills 
i'ifing  one  above  another  to  the  diftance  of  20  or 
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more  miles  from  the  eye,  you  fee  as  it  were  another 
heaven,  whofe  magnificence  declares  thegieatnefs 
of  it’s  Author,  and  puts  every  human  edifice  out 
of  countenance  ; tor  the  lofty  fpircs  and  gorgeous 
palaces  fhrink  into  nothing  before  it,  and  bear  no 
more  proportion  to  the  ceieftial  dome,  than  their 
maker  to  it’s  Maker. 

Different  degrees  of  apparent  diftances  are  Jug-- 
gejhd  by  the  diminution  of  their  apparent  or  vifible 
magnitude.  We  know,  by  experience,  what  figure 
a man  or  any  known  object  makes  to  our  eyes  at 
ten  feet,  and  we  perceive  a gradual  diminution  of 
the  vifible  figure  at  20,  40,  100  feet,  and  fo  on  till 
it  at  lafi:  vanilhes  : hence  a certain  vifible  magnitude 
of  a known  object  becomes  the  fign  of  a certain 
determinate  diftance,  and  carries  with  it  the  con- 
ception and  belief  of  that  diitance. 

But  when  we  are  ignorant  of  the  real  magni- 
-tude  of  an  objed:,  we  can  never  from  the  apparent 
magnitude  form  any  judgment  of  it’s  difiance. 
Hence  we  are  fo  frequently  deceived  in  our  efii- 
mate  of  difiance,  by  the  extraordinary  magnitude, 
of  any  objeQ  feen  at  the  end  of  it ; as,  in  travelling 
towards  a large  city,  or  a cafile,  or  a cathedral 
church,  or  a large  mountain,  we  imagine  them 
nearer  than  we  find  them  to  be.  This  is  alfo  the 
reafon  why  animals  and  all  fmall  objeds,  feen  in 
vallies,  contiguous  to  large  mountains,  appear  ex- 
ceedingly fmall ; for  w e think  the  mountain 
nearer  to  us  than  if  it  w'ere  fmallcr,  and  we  ihould 
be  furprifed  at  the  apparent  fmalineis  ot  the  neigh- 
bouring animals,  if  we  thought  them  farther  off. 
Hence  alfo  objeds  appear  fmaller  to  the  eye  when 
feen  from  a high  building,  than  they  feem  to  be 
when  viewed  from  the  fame  difiance  on  level 
ground. 

Let  a boy,  who  has  never  been  upon  any  high 
building,  go  to  the  top  of  the  Monument,  and  look 
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down  into  the  flreet,  and  the  objedls  feen  there 
will  appear  to  him  fo  fmall  as  to  occafiou  much 
furprife.  But  lo  or  20  years  after,  if  he  has  now 
and  then  ufed  himfelf  to  look  from  that  and  other 
great  heights,  the  objed;  wdll  not  appear  fo  fmall. 
For  this  reafon  ftatues  placed  upon  very  high 
buildings  ought  to  be  made  of  a larger  fizc  than 
thofe  which  are  feen  at  a nearer  di fiance. 

Of  Apparent  Magnitude, 

The  apparent  magnitude  of  very  diflant  ob- 
jeds  is  neither  determined  by  the  angle  under 
which  they  are  feen,  nor  in  the  exad  proportion  of 
that  angle  compared  with  their  true  dirfance,  but 
is  compounded  with  a deception  concerning  that 
diflance,  infomuch  that,  if  we  had  no  idea  of  the 
difference  in  the  diflance  of  objedls,  each  would 
appear  in  magnitude  proportional  to  the  angle 
under  which  it  is  feen ; and  if  our  apprehenfion 
of  the  diflance  was  always  juft,  our  ideas  of  their 
magnitude  would  be  in  all  diftances  unvaried  ; but 
in  proportion  as  we  err  in  our  conception  of  dif- 
tance,  the  greater  angle  fuggefts  a greater  magni- 
tude. It  is  probable,  that  the  apparent  magnitudes 
are  either  exactly  or  very  nearly  in  the  compound 
ratio  of  the  vi/ual  angles  and  apparent  dijlances. 

We  are  as  frequently  deceived  in  our  notions 
of  magnitude  as  thofe  of  diflance.  A fly  fkipping 
before  an  unattentive  fpedlator,  will  fometimes  ex- 
cite the  idea  of  a crow  hying  afar  off ; but  as  foon 
as  the  miftake  in  the  diflance  is  found,  the  crow 
will  dwindle  into  a fly.  Thus  alfo,  as  we  have  ob- 
ferved  in  foggy  weather  and  in  the  dufk,  objedls 
appear  further  off  than  they  really  are,  and  in  thefe 
cafes  proportionably  larger,  as  there  is  a greater 
miftake  in  the  diflance.  Thus  a fmall  heap  of 
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Hones  has  been  miflakcn  for  the  ruins  of  a large 
building,  &c. 

The  diminution  of  apparent  magnitude  is  fo 
very  fmall  in  proportion  to  the  greater  increafe 
of  didance,  that  in  general  the  vilual  angles  fub- 
tended  by  objects  can  have  but  little  fharc  in  form- 
ing our  judgment  of  their  diftances  ; and  indeed 
if  the  cafe  was  otherwife,  it  would  be  almoft  im- 
polTible  for  us  to  guefs  aright,  either  as  to  diflance 
or  magnitude.  For  indance,  if  we  did  not  judge 
independently  of  the  vifual  angle,  how  could  wc 
know  a child  from  a grown  perfon,  or  even  a pin 
from  a May-polei  For  the  larged  objed:  being 
removed  to  a greater  didance ^ may  lubtend  an 
angle  lefs  than  any  adignablc  one  ; as  objeds  ge- 
nerally appear  nearer  when  the  intervening  chain 
is.not  .perceived  : and  the  fame  reafon  operates,  as 
already  obferved,  in  making  them  appear  propor- 
tionably  fmaller.  Thus  the  didance  of  an  objed 
joined  with  it’s  vidble  magnitude,  is  a lign  of  it’s 
real  magnitude  ; and  the  didarice  of  the  feveral 
parts  of  an  objed  joined  with  it’s  vidble  figure, 
becomes  a dgn  of  it’s  real  figure. 

When  you  look  at  a globe  danding  before  you, 
by  the  original  powers  of  fight  you  perceive  only 
fomething  of  a circular  form,  varioufly  coloured. 
The  vifible  figure  hath  no  didance  from  the  eye, 
no  convexity,  nor  hath  it  three  dimenfions ; even 
it’s  length  and  breadth  are  incapable  of  being 
meafured  by  inches,  feet,  or  other  linear  meafures. 
But  when  you  have  learned  to  perceive  the  didance 
of  every  part  of  this  objed  from  the  eye,  this  per- 
ception gives  it  convexity,  and  a fpherical  figure  ; 
and  adds  a third  dimenfion  to  that  which  had  but 
two  before.  The  didance  of  the  whole  objed  ena- 
bles you  alfo  to  perceive  how  an  inch  or  a foot  of 
length  affeds  the  eye  at  that  didance:  you  perceive 
by  your  eye  the  dimenfions  of  the  globe. 
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So  numerous  are  the  relations  between  the 
eye  and  the  underftanding,  between  light  and 
knowledge,  that  there  are  very  few  parts  of  optics 
from  which  you  may  not  deduce  fomc  pradical 
advantages.  Thus  the  judgment  of  the  mind  cor- 
refponds  with  the  flrength  and  colour  of  the  ob- 
jeds  whereon  they  are  pafied  : but  the  further 
objeds  are  removed,  they  grow  more  faint  and  in- 
diftind,  and  of  couiTe  our  opinions  concerning 
them  will  be  lefs  vivid  and  clear.  Both  pleafures 
and  pains  at  a diftance  appear  fcarce  worth  our 
regarding,  or  giving  ourfelves  any  trouble  about 
them  ; the  prefent  occupies  our  thoughts,  and  for- 
cibly carries  away  the  preference  in  our  imagina- 
tion from  the  future,  againfi;  the  cleareft  and  furefl; 
decihons  of  our  underftanding.  To  redtify  this 
imperfedion  of  our  nature,  is  worthy  of  your  ut- 
rnofl:  application  ; and  you  may  ealily  do  it  by  gra^ 
dually  inuring  the  mental  eye  to  difeern  objeds  at 
a diftance.  It  is  the  quicknefsof  this  moral  Jenfey 
or  an  habitual  full  perfuafion  of  certain  good  and 
evil,  however  remote,  being  equally  valuable 
with  the  prefent,  that  conftitutes  the  virtue  of 

prudence. 
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Of  Apparent  Motion. 

If  two  objeds  at  different  diftances  from  the 
eye  move  in  parallel  lines,  nearly  at  right  angles 
to  the  optic  axis,  and  with  the  fame  velocity,  the 
moft  diftant  will  appear  to  move  floweft,  and  the 
neareft  will  appear  to  move  quickeft,  becaufe  the 
f[-)ace  deferibed  by  the  moft  diftant  objed  will  fub- 
tend  a much  fmaller  angle  to  the  eye. 

If  the  diredions  in  which  the  bodies  move  arc 
not  parallel,  the  nearejl  objed  may  appear  to  move 
flower  than  the  more  dijlanty  although  it  really 
moves  quicker,  if  the  fpace  deferibed  be  lituated 

fo 
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fo  obliquely  to  the  vifual  rays,  that  they  form  at 
the  eye  much  fmaller  angles,  than  fmaller  Ipaces 
defcribed  by  the  more  diltant  objedt,  w hich  is  ex** 
pofed  more  diredtly  to  the  eye. 

If  two  objeds  unequally  dihant  from  the  eye 
move  with  unequal  velocities  in  the  fame  direction, 
their  apparent  velocities  are  in  a ratio  compounded 
of  the  dircd  ratio  of  their  true  velocities,  and  the 
reciprocal  one  of  their  diltances  from  the  eye. 

As  objects -in  motion  will  have  difterent  ap- 
' parent  velocities  at  different  diflances;  fo  to  a 
fpectator  in  motion,  objects  at  reft  will  have  dif- 
ferent apparent  velocities.  Thus  a pafl'enger  in  a 
coach  fees  the  trees  in  the  next  hedge  move  fwiftly 
backw'ards,  while  thofe  [in  the  field  beyond  move 
flower,  and  thofe  beyond  thefe  ffill  flower,  and  fo 
on,  thofe  that  arc  very  remote  being  fcarce  per- 
ceived to  move  at  all.  And  if  a fpectator  in  mo- 
rion keeps  his  eye  fixed  upon  an  objedt  at  fome 
diltance,  objects  that  are  pretty  near  to  it  will  ap- 
pear at  reft,  wiiilft  nearer  objedts  will  appear  to  go 
backwards,  and  'more  remote  ones,  progrefiivcly 
forward,  the  fame  way  as  the  fpedtator. 

If  two  or  more  objedls  having  the  fame  appa- 
rent velocity  move  all  the  fame  wwy,  an  objcdl  at 
reit,  by  which  they  pafs,  may  appear  to  move  the 
contrary  way,  while  the  objedls  inanotion  may  ap- 
pear at  reft : for  as  their  images  keep  the  fame 
di fiance  upon  the  retina,  no  motion  among  them 
can  be  perceived.  If  the  fpedator  infenlibly  moves 
his  eye,  fo  as  to  keep  thefe  images  in  the  fame 
place,  the  image  of  the  objetl  at  reft  will  pafs  fuc- 
cefiively  over  them,  in  the  fame  manner  as  if  that 
• objcdl  had  been  in  motion  the  contrary  way.  The 
fame  phenomenon  may  happen,  if  the  finglcobjedt 
be  in  motion,  either  the  Jame  or  the  contrary  w^ay ; 
only  it's  apparent  motion  will  be  quicker  or  llovver, 
direct  or  retrograde,  according  to  different  circum- 
4 . fiances. 
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fiances.  Thus  when  the  clouds  move  fuccefTivcIy 
over  the  moon,  fl'ie  Teems  to  go  with  their  velocity 
the  contrary  way,  whether  that  be  eaflward  or 
weflw^ard. 

From  hence  you  may  fee  how  difficult  it  is  to 
form  a juft  eftimatc  of  the  real  velocities  of  ob- 
jedls  from  apparent  ones,  ftnce  we  ought  to  know 
both  the  diredlions  and  diftances  of  the  moving 
objecfts,  neither  of  which  in  many  cafes  can  be 
gueffed  at  with  tolerable  accuracy. 

Bodies  in  motion  muft  move  with  a certain 
degree  of  velocity  in  order  to  become  perceptible. 
Though  it  is  difficult  to  affign  with  accuracy  the 
fpace  that  muft  be  paffied  over  in  a given  time,  in 
order  to  be  fenftble;  yet  in  general  we  may  fay  that 
it  fhould  deferibe,  in  a fecond  of  time,  a fpace  that 
will  form  at  the  eye  an  angle  of  15  or  20  feconds  of 
a degree.  Hence  wc  fee  why  the  heavenly  bodies 
are  not  perceived  to  move,  the  fpaces  deferibed 
by  them  in  a minute  not  fubtending  an  angle  of 
above  i degree,  when  their  apparent  motion  is 
greateft.  For  the  fame  reafon  we  do  not  perceive 
the  motion  of  the  hour,  or  even  the  rndnute  hand  of 
a watch.  In  the  fame  manner  a prodigious  great 
velocity,  as  the  diurnal  motion  of  the  heavenly  bo- 
dies, may  be  yet  too  flow  to  be  perceived  ; and  an 
objedl  may  move  with  fo  great  a velocity  as  not  to 
be  perceived,  as  the  flight  of  a ball  out  of  a gun. 

An  objeefi:  moving  with  great  velocity  is  not 
feen  iinlefs  it  be  very  luminous.  Thus  a cannon 
ball  is  not  feen,  if  it  be  viewed  tranfvercly  ; but  if 
it  be  viewed  according  to  the  line  it  deferibes,  it 
may  be  feen,  becaufe  it  s pifture  continues  long  on 
the  fame  place  of  the  retina,  and  therefore  receives 
a ftronger  impreffion. 

As  we  have  all  been  children  before  we  were 
men,  w e have  all,  1 doubt  not,  at  that  fcafon  amufed^ 
purfclves  w'ith  many  childifh  diverfions,  one  ot 

which 


349 


On  the  Nature  of  Vision. 

which  you  may  remember  was  burning  a fmall 
liick  to  a live  coal,  and  whifking  it  round  to 
make  gold  lace,  as  we  called  it.  We  little  thought 
then  of  making  experiments  in  philofophy  ; but 
we  -may  turn  this  innocent  amulement  to  that 
life,  in  our  riper  years,  by  gathering  from  thence, 
that  our  organ's  can  continue  fenfation  after  the 
impulfe  of  objeds  exciting  it  is  over  : for  the  coal 
is  in  one  point  only  at  one  time,  and  can  be  feen 
only  where  it  is ; yet  there  appears  an  entire  circle 
of  fire,  which  could  not  happen  unlefs  the  light 
coming  from  it,  at  every  point,  put  the  optic 
nerves  into  a motion  that  lafted  until  the  object 
returned  to  the  fame  point  again  ; nor,  unlefs  this 
motion  raifed  the  fame  perception  in  the  mind 
as  it  did  upon  the  firft  ftriking  of  the  light.  For 
if  the  flick  be  not  twirled  fwiftly  enough,  fo  that 
it  cannot  make  a fecond  impreffion  from  the 
fame  point,  before  the  motion  excited  by  the  firft 
be  over,  you  will  not  fee  a whole  fiery  ring,  but 
a lucid  fpot  pafting  fucccfiively  through  every  part 
of  the  circle. 

On  the  principles  we  have  laid  down,  are 
explained  what  are  fallacies  in  vifion.  They 

depend  principally  on  our  miftaking  the  diftances 
of  objects.  Thus,  parallel  lines,  as  long  viftas, 
confiding  of  parallel  rows  of  trees,  feem  to  con- 
verge more  and  more  as  they  are  farther  extended 
from  the  eye  ; becaufe  the  lines  which  meafure 
their  intervals,  and  which  are  always  equal,  fub- 
tend  fmaller  angles,  the  more  remote  they  are,'  and 
fo  appear  perpetually  diminifhing,  while  we,  at 
the  fame  time,  miftake  the  diftance.  For  the 
fame  reafon,  the  remote  parts  of  a horizontal 
walk,  or  a long  floor,  will  appear  to  afeend 
gradually;  and  the  ' more  remote  the  objects  are 
that  are  placed  upon  it,  the  higher  they  will  ap- 
pear, 
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pear,  till  the  lafl  be  feen  on  a level  with  the  eye : 
whereas  the  ceiling  of  a long  gallery  appears  to 
defcend  towards  a horizontal  line,  drawn  from  the 
eye  to  a fpedlator.  And  the  furface  of  the  Jea^ 
feen  from  an  eminence,  feems  to  rife  hiofhcr 
and  higher,  the  farther  we  look : and  the  upward 
parts  of  high  buildings  incline  forwards  over 
the  parts  below ; fo  that  ftatues  on  the  top  of 
fuch  buildings,  in  order  to  appear  upright,  mufi: 
recline  or  bend  backwards. 

There  is  another  phenomenon,  however,  not 
fo  eafily  accounted  for  : if  a perfon  turns  fwiftly 
round,  without  changing  his  place,  all  objeds 
about  will  feem  to  move  round  in  a contrary  way ; 
and  this  deception  continues  not  only  while  the 
perfon  himfelf  moves  round,  but  which  is  more' 
furprifing,  it  continues  alfo  for  fome  time  after 
he  ceafes  to  move ; i.  e.  when  both  the  eye  and 
the  objed  are  at  reft.  The  firft  is  not  fo  difficult 
to  explain,  for  the  motion. of  the  objeeft  on  the 
retina  ealily  explains  it  : but  why  it  continues 
when  both  the  eye  and  the  objedt  are  at  reft, 
has  not  yet  been  well  underftood.  It  appears 
to  me,  that  the  feat  of  fenfe  is  not  altogether 
paffive  in  receiving  images,  but  pohtively  di- 
reds  a ray  from  itfelf  to  every  objed  it  per- 
ceives ; the  adion  and  readion  between  objeds 
and  the  feat  of  fenfe,  is  wholly  reciprocal.  Hence 
we  fee  objeds,  or  their  image,  after  the  eye  is 
turned  from  them.  Hence,  alfo,  in  a delirium, 
the  objeds  of  the  imagination  receive  a real  re- 
prefentation  in  the  organs  of  fenfe  : and  hence  we 
do  not  fee  an  objed  the  eye  happens  to  be  fixed 
on,  if  the  attention  be  other vdfe  engaged. 

It  is,  however,  to  be  obferved,  with  refped 
to  what  v(^e  call  the  faliacies  in  vijiouy  the  appear- 
ance of  things  to  the  eye  always  correfponds  to  the 
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Jixcd  laws  of  fiature  ; therefore,  to  fpeak  properly, 
there  is  no  fallacy  in  ^^the  fenfes.  Nature  always 
fpeaks  the  fame  language,  and  ufes  the  fame  ligns, 
in  the  fame  circumftanccs : but  we  fometimes 

miftake  the  meaning  of  the  figns,  either  through 
ignorance  of  the  laws  of  nature,  or  through  ig- 
norance of  the  circumllances  which  attend  the 
figns. 

To  a man  unacquainted  with  the  principle 
of  optics,  almoft  every  experiment  that  is  made 
with  the  prifm,  with  the  magic  lanthorn,  with 
the  telefcope  and  the  microfeope,  leem  to  pro- 
duce fome  fallacy  in  vifion.  Even  'the  appearance 
of  a common  mirror,  to  one  altogether  unac- 
quainted with  the  effeefts  of  it,  would  feem  moil 
remarkably  fallacious : for  how'  can  a man  be  more 
impofed  upon,  than  in  feeing  that  before  him 
which  is  really  behind  him  ? How  can  he  be 
more  impofed  upon,  than  in  being  made  to  fee 
himfelf  feveral  yards  removed  from  himfelf  ? Yef 
children,  even  before  they  can  fpeak  their  mother- 
tongue,  learn  not  to  be  deceived  by  thefe  appear- 
ances. Thefe,  as  ' well  as  all  other  furprizing  ap- 
pearances produced  by  optical  glaffes,  are  a parT 
of  the  vifual  language ; and  to  thofc  who  under- 
hand the  laws  of  nature  concerning  light  and 
colours,  are  in  no  wife  fallacious,  but  have  a dif- 
tinft  and  true  meaning. 

Of  Vision  by  Images. 

The  particular  phenomena  of  vifion,  in^iven 
cafes,  by  refiecfled  and  refracted  light,  have  been 
the  principal  fubjedt  of  the  preceding  optical 
Ledlures : but,  on  account  of  their  umverfiility, 
it  will  be  proper  to  make  a few  more  obferva- 
tions  on  this  fubjedt. 


Vifion 
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Vifion  of  real  objcds  fecn  direcflly,  and  vU 
fion  by  images,  are  both  founded  on  the  fame 
principles  : that  is,  fimilar  imprefhons,  or  the 
fame  kind  of  im.agesupon  the  retina,  excite  fimilar 
ideas  in  both  cafes.  Confcqucntly,  ohjefls,  ^vhe^l 
feen  by  refledled  or  refradlcd  rays,  are  feen  in  the 
places  of  their  laft  images.  If  thefe  images  are  at 
moderate  diftances  before  the  eye,  the  feveral  cir- 
cumflances  by  which  we  form  the  ideas  of  the 
apparent  diftances  of  obje6ls  feen  by  naked  vi*. 
fion,  are  alfo  taken  into  the  account.  Univerfally, 
every  vifible  point  of  an  objed  appears  fome- 
where  in  the  diredion  of  the  axis  of  the  pencil 
of  rays  proceeding  from  it  to  the  eye  after  it's 
lafi:  refledion  or  refradion. 

In  vifion  by  images,  we  are  generally  de- 
prived of  many  circumfiances  by  which  we  ufually 
judge  of  difiances  ; and  this  makes  it  difficult,  in 
moft  cafes,  to  determine  the  place  of  an  image, 
particularly  if  it  be  further  oft'  than  two  or  three 
yards.  Thefe  difficulties  are  frequently  increafed 
by  fome  peculiarities  appertaining  to  the  images 
which  we  are  not  accufiomcd  to,  and  for  which 
we  are  at  a lofs  to  make  the  proper  allow^ances. 
But  W’hen  the  image  is  within  the  above-mentioned 
limits,  we  can,  in  moft  cafes,  determine  it’s  place 
with  fufficient  accuracy : and  here,  as  well  as  in 
naked  vifion,  the  nearer  w-e  can  determine  the 
place  from  wffiente  the  rays  converge  to  the  eye, 
the  more  diftind  wdll  the  image  appear. 

The  apparent  magnitudes  of  objeds,  feen  by 
refledion  or  refradion,  are  either  accurately,  or 
very  nearly,  as  the  rectangles  under  the  vifual  angles 
and  apparent  dijiances  of  their  - I aft  mages.  In  all- 
cafes,  the  apparent  place,  pofition,  and  figure  of 
an  objed  feen  by  refraded  or  refleded  light,  arc 
as  thofc  of  it’^  laft  image.  For  the  rays  proceed- 
ing froip  the  image  to  the  eye,  form  a fucceffion 
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of.  phyfical  points  after  the  fame  manner  as  if 
they,  came  from,  a real  objedl,  and  therefore  ex- 
cite an  idea,  of  an  objedl  equal  and  limilar  to  the 
image.  , , 

Hence,  as  you  have  feen,  in  vifion  by  images^ 
we  are  liable  .to  many  deceptions,  fome  of  which 
are  entertaining,  as  well  as  furprifing ; for  not  only 
the  place  of  an  image,  but  very  often  it’s  pofitioiJv' 
magnitude,  and  even  figure,  fliall  be  quite  different 
from  the  real  objedl. 

Of  Vision  by  Images.*- 

As  this  is  a fubjedl  of  the  greateft  importance 
in  optics,  it  will  be  worth  while  to,  confider  it 
when  dated  in  different  words,  with  fome-  addi- 
tional  circumftances. 

When  the  rays  in  a pencil  diverge  from  a 
point,  and  either  by  reflection  or  refraefion  are 
brought  all  together  again,  they  then  form  a lu- 
minous point  correfpoiiding  to  that  from  w'hich 
they  diverged.  ' * ‘ 

By  this  means  a new  vifihle  obje<it  is  formed, 
called  the  image  of  the  other;  for  the_  eye- now 
receives  the  rays  as  coming  from  this  latter  point, 
and  therefore  judges  the  former  pomt^  to -be  irr 
the  place  of  the  latter ; and  as  this  is,-t-rue- for 
every  point  of  any  objecl,  every  objebi:  niay  thus 
actually  be  formed  a-new,  lb  far  as  -re®ja-rd&-aur 
vifible  ideas.  And  the  rays  diverging  to  the  eye 
from  the  imao'e  thus  formed,  in  the  fame  manner 
as  if  they  came  directly  from  the  obj[eCl:^  excite 
an  idea  of  that  image,  or  of  an  object  fimilaf 
to  it. 

Now,  if  the  pencils  of  fays,  which  diverge 
from  all  points  of  an  objei^t,  be  again  refpe8ively' 
collected  at  the  fame  didances,  they  then  . fond 
a new  vilible  objedt  equal  to  that  from  whence 
VoL.  II.  A a they 

* Viner’s  Plan  of  a Courfe  of  Leduies,  p.  S/.- 
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they  flowed  : but  if  the  points  of  this  new  objecfl:, 
called  the  image,  correfponding  to  thofe  of  the 
original  objedt,  be  at  a greater  or  lefs  diflance, 
they  form  a new  vifible  objedl  greater  or  lefs  than 
the  original  one.  Thus,  therefore,  we  arc  able 
to  form  a new  vifible  objed:,  very  near  to  us, 
exadtly  firnilar  to  an  object  at  a great  diftance. 
T call  this  a vifible  objedt,  becaufe  at  the  place 
where  it  is  formed  there  is  nothing  to  excite  cor- 
refponding , ideas,  as  in  the  objed  from 
whence  the  rays  firfl  flowed.  But  in  refped  to 
our  viflble  ideas,  which  we  are  here  only  confi- 
dering,  it  is  as  much  an  objed  as  the  other  ; the 
eye  may,  therefore,  be  fo  fituated,  in  refped  to 
this  new  objed,  that  it  may  appear  much  nearer 
than  the  original  objed;  every  objed;  appearing 
greater,  the  nearer  it  is  to  the  eye. 

Now',  with  rcfpedl  to  the  brightnefs  of  this 
new  vifible  objedf,  we  are  to  conlider  that  when 
the  eye  looks  diredtly  at  any  objedf,  it  receives  no 
more  rays  from  any  one  point,  than  what  can 
dircdly  enter  the  pupil : but,  when  an  image  is 
formed  by  a lens,  for  inflance,  all  the  rays  from 
any  one  point  of  the  objed  'w  hich  falls  upon  the 
lens  are  colledfed  together,  and  form  a point  of 
the  image.  ' Now  if  the  diameter  of  the  pupil  of 
the  eye  —o.  i inch,  and  the  diameter  of  the  lens  be 
5 inches,  their  areas  will  be  as  o.oi  to  25;  or, 
as  I.  to  2500:  there  arc,  therefore,  ceteris  pari- 
bus ^ 2 5 CO  times  as  many  rays  colleded  to  form 
every  point  of  the  image  by  the  lens,  as  enter 
the  eye,  and  form  the  image,  fuppofing  all  the 
rays  to  be  refraded.  Now',  although  the  rays 
diverge  from  every  point  of  this  image,  formed 
by  the  lens,  and  therefore  where  the  eye  is  fituated 
it  may  not  receive  them  all,  yet,  being  lituated 
near  to  it,  it  will  receive  a very  conflderable  part, 
and  more  in  proportion  as  it  is  nearer. 

Hence 
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Hcncc  the  number  of  rays  which  the  eye 
receives  from  any  point  of  this  imaee,  may  be 
greater  than  that  which  it  receives  diredly  from 
the  objedl ; and  thus  the  image  may  be  brighter 
than  the  objedl.  Thefe  are  fome  of  the  rcafons 
why  any  diftant  objed:  may  be  made  to  appear 
larger  and  brighter  ; and  the  common  expreflion, 
that  the  objed  is  brought  nearer,  is  not  incorred  j 
for  the  vifible  objed  is  adually  nearer,  but  not 
being  accompanied  with  any  tangible  ideas,  w'e 
call  it -an  image  of  the  other;  whereas  it  is  a vi- 
fible  objed  formed  by  the  fame  rays  as  the  ori- 
ginal vifible  objed.  Looking,  therefore,  at  the 
vifible  objed  thus  formed,  we  get  an  idea  of  the 
original  vifible  objed,  feen  under  the  fame  angle; 
and  from  thence,  by  afibciation,  we  conclude, 
what  are  the  correfponding  tangible  ideas. 

I fliall  conclude  this  Ledure  on  vifion,  with 
fome  more  refledions  on  the  eye.  They  are  ex- 
traded  from  a fermon  of  Mr.  Newlin’s. 

Light  is  truly  pleafing  in  it’s  own  natural 
fimplicity,  and  is  the  ornament  and  glory  of  every 
other  objed.  But  the  eye  receives  it  always  with 
a frefh  and  increafing  pleafure,  as  it  is  varied 
and  diverfified,  by  putting  on  fo  many  forts  of 
colours,  like  fo  many  changes  of  raiment. 

Every  time  that  the  eye  opens  and  expands 
itfelf,  it  draws  as  it  were  the  whole  vifible  world 
into  it’s  own  narrow  compals  ; and  there  is  a new 
creation  within  itfelf.  The  fun,  that  marvellous 
injlrument  of  the  Moft  High  ; the  moon,  that  floineth 
in  the  firmament  of  heaven  ; the  ft ars,  that  number^ 
lefs  hoft  ; the  rainbow,  that  glorious  circle,  which 
is  bent  by  the  hands  of  the  Moft  High  ; the  virgin 
purity  and  unfullied  whitenefs  of  the  fnow ; the 
beautiful  embroidery  of  flowers  ; the  rich  cloath- 
ing  of  the  meadows,  and  the  cattle  upon  a thoufand 
hills,  are  prefented  to  the  eye  by  the  Loro  our 

^ Marer. 
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Maker,  and  fct  before  it,  as  on  a fpacious 
theatre. 

The  great  fource  of  light,  Avhich  (hews  every 
thing  to  the  eye,  cads  forth  fo  bright  and  daz- 
zling a luftrc,  that  it  would  bear  too  hard  upon 
it,  and  injure  our  vifual  faculty,  if  it  w^ere  placed 
too  near  the  fight  ; but  it  is  fixed  at  fo  remote 
a diftance  from  us,  that  we  look  upon  it  with 
pleafure,  and  enjoy  it’s  glory. 

When  the  eye  is  wearied  with  it’s  daily  fer- 
vice,  and  the  night  fpreads  a veil  of  darknefs  over 
this  low'er  world,  the  curtain  that  is  hung  before 
the  eye  falls  down,  and  the  eye-lids  are  fliut  wdth 
a clofe  feal,  till  we  have  renewed  our  ftrength, 
and  the  morning  refiores  the  world  to  our  view  : 
the  eye- lid  not  only  affording  refreffiment  and 
eafe  to  the  eye,  but  defending  it  from  the  fecret 
perils  and  invifible  dangers  of  the  night. 

And  when  day  breaks,  it  does  not  ffiine  forth 
at  once,  in  full  perfeclion,  but  gradually  manifeffs 
itfelf,  that  the  eye  may  not  be  overpowered,  by 
a fudden  ilTuing  out,  and  too  mighty  a ffream  of 
light.  The  fun  fends  a harbinger  before  him,  to 
give  notice  of  his  appearance,  that  the  dawning 
of  the  day  may  prepare  us  to  receive  him. 

Though  every  colour  has  a peculiar  beauty, 
yet  they  are  nor  all  equally  agreeable  and  refrdh- 
ing  to  the  eye  : but  the  verdure  of  the  fields  is 
moff:  particularly  pleaffng  to  it,  and  we 'can  bear 
to  dwell  the  longeff  upon  it ; Goo  has  appointed  it 
for  the  common  dre fs  of  nature,  and  made  this 
colour  the  moff  familiar  to  our  light.  He  leads 
us  through  the  green  pajiures,  and  adorns  the  herbs 
and  plants  with  many  varieties,  even  in  the  fame 
colour,  and  changes  it. every  day. 

Time  would  tail  me  even  in  attempting  to 
deferibe  all  the  pleafurcs  and  advantages  ot  hght. 
1 cannot,  however,  leave  the  fubjed  without  Oxie 

or 
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or  two  obfervations.  The  eyes  are  a faithful  guard 
to  the  whole  man,  and  are  placed  as  in  a friendly 
watch-tower,  to  difeern  his  danger,  and  give  him 
friendly  warning,  while  it  is  yet  afar  off. 

The  eye  is  inftrumental  in  promoting  the 
happinefs  of  converfation.  It  is  the  eye  that 
meets  our  friend  with  joy,  and  kindles  and  im- 
parts the  heavenly  flame  of  friendfliip.  It  is  the* 
eye  that  pities,  and  fpares,  and  yearns  over  the 
miferable  objed,  with  generous  compaffion.  It 
was  with  the  eye  that  our  Saviour  ‘reproved  St. 
Peter.  O Lordy  how  ^narvellous  are  thy  works  I in 
w 'ifdom  hajl  thou  made  them  all  ! The  eye  that  fees, 
gives  witnefs  of  thee  ; and  the  ear  that  hears, 
confirms  it’s  teftimony. 
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LECTURE  XIX. 

Of  Colours. 

philofophical  fubjedl  is  more  wbrthy  of 

your  attention  than  light ; it  is  the  means  by 
which  all  the  beauties  and  glories  of  the  creation 
are  laid  open  to  view  ; with  fome  of  it’s  curious 
properties  you  are  Meli  acquainted;  a new’ fcene 
will  now  rife  before  you  equally  admirable  with 
thofe  that  have  preceded. 

I have  hitherto  conlidered  light  as  a body  im- 
compounded,  and  of  parts  refembling  each  other ; 
but  wc  are  going  to  examine  it’s  texture  more 
clofely.  You  will  now  fee  that  this  fluid,  fo  Ample 
in  appearance,  is  made  up  of  very  different  parti- 
cles ; that  it  iscompofed  of  very  different  coloured 
tints  ; and  that  from  the  nature  of  this  compofltion 
arifes  that  charming  variety  of  fliades  which  paints 
the  face  of  nature. 

Whatever  pleafufes  we  derive  from  the  beauty 
of  colouring,  we  owe  it  to  the  different  rays 
of  light,  each  objed:  fending  back  to  our  eyes  thofe 
rays,  \vhich  iTs Jiirface  is  befl;  adapted  to  reflect:'  in 
th-is  fenfe  the  blufhing  beauties  of  the  rofe,  and  the 
m.odefl:  blue  of  the  violet,  may  be  confidered  as 
not  m the  objedfs  themfelves,  but  in  the  light  that 
adorns  them.  Odour,  foftnefs,  and  beauty  of 
flmire,  are  their  own;  but  it  is  light  which  drefles 
them  up  in  thofe  robes  which  lhame  the  monaren’s 
glory. 

Natural  philofophers  w’ere  formerly  of  opinion, 
that  the  folar  light  was  Ample  and  uniform,  with- 
out any  difference  or  variety  in  it’s  parts,  and  that 
the  different  colours  of  objedts  were  made  by  refrac- 
|:ion,  refledtion,  or  Aiadows.  But  Newton  taught 
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them  the  errors  of  their  former  opinions;  he  flicwed 
them  to  diflcd:  a lingle  ray  of  light  with  the  mi- 
niiteft  precifion,  and  dcmonftrated  that  every  ray 
wasitfelf  a compofition  offeveral  rays  all  of  differ- 
ent colours,  each  ol  which  when  fcparate  held  to  it  s 
own  nature,  limplc  and  unchanged  by  every  expcf- 
riment  that  could  be  tried  upon  it.  Or  to  be  more 
particular,  light  is  riot  all  fimilar  and  homogenial, 
but  compounded  of  heterogcnial  and  diffimilar 
rays,  fome  'of  which  in  like  inftances  being  more 
refrangible,  and  others  lefs  refrangible,  and  thofe 
which  arc  mod  refrangible  arc  alfo  mod  reflexi- 
ble;  and  according  as  they  differ  in  refrangibility 
and  reflexibility,  they  are  endowed  with  the  power 
of  exciting  in  us  fenfations  of  different  colours. 

Newton’s  theory  of  light  and  colours  is 
driking  and  beautiful  in  itfeif,  and  deduced  from 
clear  and  decilivc  experiments,  and  may  be  almod 
faid  to  demondrate  clearly,  id.  That  lights  which 
differ  in  colour,  differ  alfo  in  degrees  of  refrangi- 
bility. 

2d,  That  the  light  of  the  fun,  notwhthdanding 
it’s  uniform  appearance,  confids  of  rays  differently 
refrangible. 

3d,  That  thofe  rays  w hich  are  more  refrangible 
than  others,  arc  alfo  more  reflexible. 

4th,  That  as  the  rays  of  light  differ  in  de- 
grees of  refrangibility  and  reflexibility,  fo  they 
alfo  differ  in  their  difpofition  to  exhibit  this  or  that 
particular  colour ; and  that  colours  are  not  qualifi- 
cations of  light  derived  from  refractions  or  reflec- 
tions of  natural  bodies,  as  was  generally  believed, 
but  original  and  connate  properties,  which  are  dif- 
ferent in  different  rays,  fome  rays  being  difpofed 
to  exhibit  a red  cok:>ur  and  no  other,  and  fome  a 
green  and  no  other,  and  fo  of  the  red  of  the  prif- 
matic  colours. 

5th,  That  the  light  of  the  fun  confids  of  vio/ef 
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making,  making,  hhie  making,  mak- 
ing, making,  orange  making,  and  red  mak- 

ing rays,  and  all  of  thcfe  are  different  in  their  de- 
grees of  rcfrangibility  and  reflexibility  ; for  the 
rav4  which  produce  red  colours  are  the  leaff  re- 
frangible, and  thofe  that  make  the  violet  the  moft; 
and  the  reft  are  more  or  lefs  refrangible  as  they 
approach  either  of  thefe  extremes,  in  the  order  al- 
ready mentioned  : that  is,  orange  is  leaf!  refrangi- 
ble next  to  red,  yellow  next  to  orange,  and  fo  on; 
fo  that  to  the  fame  degree  of  refrangibility  there 
ever  belongs  the  fame  colour,  and  to  the  fame  co- 
lour the  fame  degree  of  refrangibility. 

6th,  Every  homogenial  ray,  confidercd  apart,  is 
refrabted  according  to  one  and  the  fame  rule,  fo 
that  it’s  fine  of  incidence  is  to  it’s  fine  of  refraction 
in  a given  ratio  ; that  is,  every  different  coloured 
ray  has  a different  ratio  belonging  to  it. 

7 th,  The  fpecies  of  colour,  and  degree  of  refran- 
gibility and  reflexibility,  proper  to  any  particular 
fort  of  rays,  is  not  mutable  by  refledtion  or  refrac- 
tion from  natural  bodies,  nor  by  any  other  caufe 
that  has  been  yet  obferved.  When  any  one  kind 
of  rays  has  been  feparated  from  thofe  of  other 
kinds,  it  has  obftinately  retained  it’s  colours,  not- 
withftanding  all  endeavours  to  bring  about  a 
change. 

8th,  Yet  feeming  tranfmutations  of  colours  may 
be  made,  w'here  there  is  any  mixture  of  divers  forts 
of  rays  ; for,  in  fuch  niixtures,  the  component  co- 
lours appear  not,  but  by  their  mutually  alloying 
pach  other,  conftitute  an  intermediate  colour. 

9th,  There  are  therefore  two  forts  of  colour,  the 
- one  original  and  Ample,  the  other  compounded  of 
thefe ; and  all  the  colours  in  the  univerfe  are 
cither  the  colours  of  homogenial.  Ample  light, 
or  compounded  of  thefe  mixed  together  in  certain 
proportions.  The  colours  of  Ample  light  arc,  as 
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Mvt  obfervcd  before,  violet,  indigo,  blue,  green, 
yellow,  orange,  and  red,  together  with  an  indefinite 
variety  of  intermediate  gradations.  1 he  colours 
of  compounded  light  are  diherently  compounded 
of  thefe  fimple  rays,  mixed  in  various  proportions: 
thus  a mixture  of  yellow-making  and  blue-making 
rays  exhibit  a green  colour,  and  a mixture  of  red 
and  yellow  makes  an  orange ; and  in  any  colour 
the  fame  in  fpecie  with  the  primary  ones,  may  be 
produced  by  the  compofition  of  the  two  colours 
next  adjacent  in  the  leries  of  colours  generated  by 
the  prilm,  whereof  the  one  is  next  moft  refrangi- 
ble, and  the  other  next  lead:  refrangible.  But  this 
is  not  the  cafe  with  thofe  which  are  fituated  at  too 
great  a diilance  ; orange  and  indigo  do  not  pro- 
duce the  intermediate  green,  nor  fcarlet  and  green 
the  intermediate  yellow. 

loth.  The  moll  furprifing  and  wonderful  com- 
pofition of  light,  is  that  of  whitenejs  ; there  is  no 
one  fort  of  rays  which  can  alone  exhibit  the  co- 
lour, it  is  ever  compounded,  and  to  it’s  compo- 
fition  all  the  aforefaid  primary  colours  are  requi- 
fite. 

nth.  As  vohit€7ieJs  is  produced  by  a copious 
reflection  of  rays  of  all  forts  of  colours,  wTen  there 
is  a due  proportion  in  the  mixture  ; fo  on  the  con- 
trary, blacknefs  is  produced  by  a fulTocation  and 
abforption  of  the  incident  light,  w hich  being  flop- 
ped and  fupprefled  in  the  black  body,  is  not  re- 
flected outward,  but  reflected  and  refracted  within 
the  body  till  it  be  flified  and  lofl. 

Having  thus  endeavoured  to  give  you  a general 
idea  of  the  theory  of  colours,  I ilia II  proceed  to  ex- 
plain the  fubjeCl  more  fully,  illuflrating  it  by  the 
experiments  fo  admirably  deviled  by  Newton. 
The  fun  fliines  favourably  for  our  purpofe,  we  will 
therefore  go  into  the  dark  room ; I have  been, 

you 
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you  fee,  particularly  careful  to  exclude  all  light 
from  the  room,  but  W’hat  enters  through  the  tube 
I have  fixed  in  the  window-fhutters.  I admit  a 
beam  of  light  through  a hole  in  this  tube  of  about 
I of  an  inch  diameter,  the  beam  darts  through  the 
hole,  and  forms  on  the  floor  an  image  of  the  fun 
nearly  circular.  I now  place  my  glafs  prifm  fo  as 
to  receive  the  beam  of  light,  and  you  obferve  how 
beautifully  that  beam  is  refradfed  into  diflerent  co- 
loured rays.  The  cylindric  beam  of  light  pafTes 
into  the  prifm,  is  there  dilated,  and  by  refraftion 
thrown  into  an  oblong  form,  exhibiting  on  the 
oppofite  fide  of  the  room  an  amazing  fpecilrum  of 
colours.  The  prifm  is  triangular  at  each  end, 
about  6 inches  long,  and  is  poliflied  on  the  three 
fides.  I have  placed  it  parallel  to  the  horizon, 
with  it’s  axis  perpendicular  to  the  beam  of  light. 
On  turning  the  prifm  flowly  about  it’s  axis,  you 
fee  that  the  refraded  light  on  the  wall,  or  the  co- 
loured image  of  the  fun,  firft  def:ends,  and  then  af- 
cends  ; between  the  afeent  and  defc^nt,  that  is, 
where  the  image  is  ftationary,  the  prifm  is  to  be 
fixed,  becaufe  in  that  lituation  the  refradions  of 
the  light  on  the  two  lides  are  equal  to  one  another. 

\\Tencver  you  would  have  the  refradions  on 
both  fides  of  the  prifm  to  be  equal,  you  mufl:  note 
the  place  on  the  wall  where  the  image  ffands  flill, 
or  the  mean  point  between  two  contrary  motions, 
and  there  fix  the  prifm.  I fliall  make  all  the  fol- 
lowing experiments  with  the  prifm  in  this  litua- 
tion, unlefs  fome  ether  pofition  be  mentioned. 

The  refraded  light  falls  perpendicularly  upon 
a fl^eet  of  white  paper,  placed  on  the  oppofite  wall 
of  the  chamber,  where  an  oblong  (not  an  oval) 
image  of  the  foiar  fpot  is  formed  ; it  is  terminated 
by  two  redilincal  and  parallel  lides,  and  two  fe- 
mlcircular  ends  p the  lides  arc  better  defined  than 
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the  ends,  which  are  confufed  and  indifbindl,  bc- 
caufe  the  light  at  the  ends  decays  and  vaniihes  by 
degrees. 

The  lower  extremity  is  red,  above  this  is 
placed  the  orange,  afterwards  the  yellow,  then  the 
g^reen,  the  blue,  the  indigo,  and  lahly  the  violet, 
which  is  placed  in  the  upper  part  of  the  image. 
There  arc, you  fee,  innumerable  gradations  connect- 
ing and  uniting  the  primary  ones,  each  colour  gra- 
dually degenerating  as  it  wxre  into  the  fucceeding 
one.  You  will  not  always  be  able  to  diflinguifh 
clearly  the  whole  feven  colours,  as  it  requires  a 
very  excellent  prifm,  and  great  attention  and  accu- 
racy in  performing  the  experiment,  to  prevent 
home  of  thofe  which  moft  nearly  refemble  each 
other,  from  being  confounded  together  : you  will, 
however,  fcarce  ever  fail  in  feeing  five  diftindtly 
marked,  the  low^er  red  gradually  declining  into  a 
yellow,  the -yellow  fucceeded  by  an  intenle  green, 
^bove  this  a bright  and  lovely  blue,  and  then  a foft 
but  glorious  mazarine  or  violet  colour. 

The  breadth  of  the  fpedtrum  anfwers  to  the 
breadth  of  the  fun’s  circular  image.  If  the  prifm 
had  a fmaller  angle,  the  length  of  the  image  would 
be  lefs.  If  I turn  the  prifm  fo  that  the  rays  emerge 
more  obliquely,  the  image  foon  becomes  an  indi 
or  two  longer  ; but  if  I turn  it  about  the  contrary 
way,  fo  as  to  make  the  rays  fall  more  obliquely  on 
the  fide  ncarefl  the  hole,  it  foon  becomes  an  inch 
or  two  fhorter : therefore  in  repeating  this  expe- 
riment, you  fnoLild  be  careful  fo  to  place  the  prifm 
that  the  refraction  on  both  fides  may  be  alike. 

This  experiment  is  reprefented  9,  pi,  6. 
T the  tube  through  which  the  beam  of  light  enters 
the  room,  proceeding  in  the  direction  T o I,  but 
is  turned  out  of  this  diredion  by  a prifm  s'PD^ 
whole  axis  is  perpendicular  to  the  beam  i b”  this 
the  rays  of  light  arc  refraci:ed  fo  as  to  form  a co- 
loured 
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loured  fpecftrum  M N upon  the  fcreen  K L.  The 
mod:  refrangible  rays  being  thrown  to  M furthell: 
from  I,  but  the  leafl  refrangible  being  turned  lefs 
out  of  their  courfe,  fall  upon  a part  of  the  fcreen  N, 
and  nearefl  1,  while  thofe  that  are  refrangible  in 
the  intermediate  degrees  will  fall  between  M andN, 
forming,  inftead  of  a circular  fpace,  a long  fpec- 
trum  bounded  by  right  lined  lides  and  circulai 
ends,  and  whofe  length  is  at  right  angles  to  the  di- 
redlion  of  the  axis  of  the  prifm. 

The  fize  of  the  hole  in  the  window-fnuttcr, 
the  different  thicknefs  of  the  prifm  through  which 
the  rayspafs,  the  different  inclinations  of  the  prifm 
to  the  horizon,  and  the  various  altitudes  of  the  fun, 
make  no  fenfible  change  in  the  length  of  the 
image,  nor  is  it  affected  by  the  different  matter  of 
which  the  prifm  is  formed.  With  a prifm,  wffofe 
refrading  angle  is  62  -t-  at  i 8 4-  ffet  from  the  prifm, 
the  length  of  the  image  is  about  9I:  or  lO  inches."^ 

If  the  rays  were  equally  refrangible^  that  is^ 
equally  inclined  to  the  furface  of  the  prifm  in  the 
ingrefs  and  egrefs^  their  direction  would  be  only 
changed ; the  image  would  he  a circle^  w'hich  will 
appear  fufficiently  clear  by  your  confidering  thefe 
diagrams.  Let  A B Cy  fig.  8,  pL  6,  be  a fedion  of  a 
triangular  prifm  at  right  angles  to  it’s  axis.  Sup- 
pofe  J N to  be  a ray  incident  at  N,  and  thence  re- 
fraded  at  E on  the  furface  C B,  where  it  is  again 
refraded  into  the  fituation  E M.  Let  / n be  ano- 
ther ray,  parallel  to  the  former,  and  confequently 
incident  at  n wuth  the  fame  angle. 

Now  if  the  ray  i n have  exactly  the  fame  ca- 
pability or  difpofition  to  be  refraded  by  the  prifm, 
as  the  ray  J N,  the  angles  of  refradion  will  be  alfo 

equal, 

* As  the  light  of  the  fun  !s  not  always  to  be  obtained,  I have 
prepared  a fmall  model  with  'coloured  lilk  firings,  to  fhew  the 
nature  and  proportion  of  the  coloured  rays  iffuing  from  4 
prifm. 
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equal,  and  i n will,  when  refradted  into  the  direc- 
tions ne  and  me,  dill  continue  parallel  to  the 
ray  | N,  w hich  is  refra&d  into  N E and  E M.' 

But  if  it  be  more  refrangible,  it  will  be  rc~ 
fraded  into  other  direclions,  as  n f,  and  fg,  verg- 
ing more  towards  the  bafe  AC;  or  if  it  be  lefs  re- 
frangible, it  will  be  refraded  into  diredions,  as 
n h,  and  h k,  that  verge  lefs  towards  the  bafe 
A C. 

Whence  it  appears,  that  if  a colledion  or 
pencil  of  rays  fall  parallel  to  each  other  on  one  of 
the  fides  of  a prifm,  and  do  not  proceed  parallel  to 
each  other  on  their  emergence,  it  mud:  be  becaufe 
forne  of  the  rays  are  more  refrangible  than 
others. 

The  preceding  experiment  therefore  with  the 
prifm  proves,  that  the  fun’s  light  is  compofed  of 
rays  zvhofe  refrangfhilities  are  not  all  the  fame  ; for 
after  emerging  from  the  prifm,  inftead  of  illumi- 
nating a circular  fpace,  they  are  fpread  into  a long 
fpedrum,  bounded  by  right-lined  Tides,  and  circu- 
lar ends,  'and  w^hofe  length  is  at  right  angles  to  the 
axis  of  the  prifm. 

* Turn  the  prifm,  which  is  fo  placed  that  the 
axis  is  perpendicular  to  the  beam  of  light,  that  the 
image  may  be  dationary,  and  there  iix  it  ; this 
being  done,  look  through  the  prifm  at  the  hole,  the 
length  of  the  image  will  appear  to  be  many  times 
greater  than  the  breadth  ; the  mod  refraded  part 
being  violet,  and  the  lead  refraded  red;  the  mid- 
dle parts  blue,  green,  yellow,  in  order. 

Now  remove  the  prifm  out  of  the  fun-beam, 
and  look  through  it  at  the  hole,  and  you  will  have 
the  fame  appearance  ; if  all  the  rays  were  equally 
refraded,  the  hole  w’ould  appear  round  when  re- 
fraded through  the  prifm.  This  therefore,  like 
the  preceding  experiment,  proves  that  at  equal 
incidences  there  is  a confidcrable  inequality  of 

rciradion. 
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rtfradtion.  Befides  the  different  refrangibility, 
the  foregoing  experiments  fliew  alfo  another  re- 
markable difference  between  the  rays ; namely, 
tJMit  the  different  refrangihility  of  the  rays  is  joined 
zvith  a difference  in  colour  \ and  all  the  rays,  as  they 
are  more  or  lefs  bent  bj  refradliony  have  a colour  pe- 
culiar to  themjelves. 

To  render  this  fubjedl  clearer,  and  to  fliew 
that  thefe  appearances  are  not  accidental,  but  in- 
herent properties  of  light.  Sir  I.  Newton  tried  what 
would  be  the  effect  of  rcfradling  the  rays  of  light 
a fecond  time  : for  this  purpofe  he  let  the  light 
refracted  by  the  firfl:  prifm  fall  upon  a fecond 
prifm,  placed  at  about  one  foot  from  the  firft : the 
firfl:  prifm  was  in  an  horizontal,  the  fecond  in  a 
Ycrtical  lituation.  An  image  was  formed  by  the 
fecond  prifm,  hmilar  both  in  the  arrangement  of 
colours,  and  it’s  dimenfions  to  that  in  the  lirh:  ex- 
periment, with  this  only  difference,  that  it  w’as  not 
now  in  a vertical,  but  in  an  inclined  pofition.  Now 
if  the  effedls  were  only  caufed  by  a m.odification 
of  light  produced  by  the  prifm,  the  fecond  ought 
to  form  in  breadth  the  image  that  the  former  made 
in  length,  and  thtrs  produce  a fquare  fpedrum, 
which  is  contrary  to  the  facff.  The  inclination  of 
the  fpec^rum  is  folely  occafioned  by  the  unequal 
refrangihility;  thofe  rays  that  were  moh  bent  by  the 
firft  prifm,  be  ing  alfo  by  the  fecond ; the  upper 
part  in  both  prifms  fuffering  a greater  refraction, 
and  the  lower  part  a lefs  refraction;  likewife,  as 
before,  the  upper  part  appears  violet,  and  the  lower 
pjvrt  red. 

At  jig.  10,  pi.  6,  is  a diagram  to  illuftrate  this 
experiment.  A B reprefents  the  fecond  prifm  in 
a vertical  direCHon,  that  it  may  again  reiracl  the 
rays  which  come  from  the  hrft.  By  the  firft 
prifm  the  rays  are  refracted  upwards,  by  the  fe- 
cond fideways ; by  the  firft  it  is  refracted  to  w 

A while 
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while  MN  is  the  image  formed  by  the  re- 
fraction  of  the  two  crofs  prifms.  The  breadth 
of  the  image  is  not  increafed,  the  upper  part  luf- 
fers  a greater  refraction,  and  the  lower  a lefs  one 
in  both  prifms. 

If  a third,  and  even  a fourth  prifm,  be  placed 
in  the  fame  manner  after  the  fecond,  the  refult  will 
be  the  fame ; and  the  molt  refrangible  rays  will 
flill  be  molt  refracted,  and  the  leaf!  the  lealt  rc- 
fraded,  whillt  their  colours  remain  unchanged. 

Let  us  now  proceed  to  another  experiment. 
Here,  as  in  the  firlt,  the  light  is  tranfmitted  through 
a prifm,  but  the  coloured  image  is  received  on  a 
fereen  which  1 have  placed  in  the  middle  of  the 
room;  there  is  a hole  in  the  fereen,  through  which 
the  rays  of  any  lingle  colour  may  be  fuffered  to 
pafs  alone,  by  railing  or  lowering  the  fereen. 
Thus  for  inltance,  I place  the  hole  againlt  the  blue 
part  of  the  image,  fo  that  none  but  the  blue  rays 
go  through  it ; thefe  are  again  refraded  by  a 
prifm  : now  you  fee  that  the  blue  rays,  after  having 
paired  through  the  prifm,  continue  the  fame  as  be- 
fore, without  any  manner  of  alteration,  forming  a 
, blue  image  on  the  oppofitc  fide  of  the  w^all,  and  the 
figure  of  this  image  is  circular.  The  diredion  of 
. the  beam  is  altered,  but  the  'rays  are  not  dilated  or 
feparated  into  different  forts^  as  the  common  beam 
of  light  was  by  the  firlt  prifm.  I now'  -move  the 
fereen  to  the  yellow  rays,  and  you  obferve  that 
thefe  rays  falling  on  the  fecond  prifm  are  refraded 
to  the  fide  of  the  room,  and  there  form  only  a yel- 
low fpot,  and  the  fame  with  the  reft  of  the  colours; 
fo  that  none,  of  thefe  colours  are  changed  by  re- 
•fradion.  Further,  if  you  place  any  fmall  bodies 
in  thefe  circular  images,  they  will  appear  of  the 
fame  colour  with  the  image,  red  in  the  red  light, 
green  in  the  green  light,  &c.  fo  that  the  colours 
are  no  w'ays  changed  by  refledion.  Again,  if  you 

look 
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look  at  any  of  thefe  fpots  through  a prifm,  they 
ftill  preferve  their  colour,  and  are  not  expanded  or 
dilated  in  length ; fo  that  homegenial  light  fuffers 
no  manner  of  alteration  in  any  cafe. 

In  all  the  trials  that  have  been  made,  it  ap- 
pears, that  thofe  rays  which  arc  mod  refraded  at 
lird,  arc  always  moil  relrac^led  ; and  thofe  that  are 
lead  at  fird,  are  always  lead  afterwards.  It  is 
therefore  plain,  that  every  ray  of  light  has  a peculiar 
degree  of  refrangibililyy  which  cannot  be  changed  by 
any  refie biions  or  ref rabi ions ^ but  remains  conjiantly 
and  invariably  the  fame. 

The  different  refrangibility  of  the  rays  of 
light  is  a caufe  of  confufion  in  bodies  feen  through 
a refradling  medium ; for  this  wall  occalion  the  dif- 
ferent rays  flowing  from  the  fame  point,  to  be 
refraded  to  diderent  points  on  the  retina.  Thus, 
fmall  objeds,  placed  in  a fun-beam,  and  viewed 
through  a prifm,  wall  be  feen  but  confufedly  ; but 
if  they  are  placed  in  a beam  of  homogeneousJight, 
feparatcd  by  a prifm,  they  will  appear  as  didind 
through  a prifm  as  when  viewed  by  the  naked 
eye. 

As  the  light  refieded  from  all  terredrial  bo- 
dies is  thefolar  light,  we  may  fairly  conclude  from 
the  foregoing  experiments,  that  the  light  reflebied 
or  emitted  from  all  bodies,  confijls  of  rays  differently 
refrangible  : and  this  may  be  further  proved,  for 
if  you  look  at  any  objed  through  a prifm,  that  ob- 
ject will  appear  tinged  with  colours.  Take  a 
fmall  part  of  a body,  illuminate  it  drongly,  and 
look  at  it  through  a prifm,  and  you  will  have  an 
oblong  image  with  all  the  colours;  a dar,  a lamp, 
a candle,  a burning  coal,  a red-hot  iron,  or  any 
burning  matter  feen  through  a prifm,  w ill  prefent 
you  w ith  the  lame  appearances. 

If  you  are  defirous  of  feeing  a complete  fpe- 
dmcii  of  analytical  reafoning,  you  fhould  read  Sir 

L-  Newton’s^ 
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I.  Newton’s  Optics,  where  you  will  find  him  pur- 
fiiing  this  fubjedl  in  a variety  of  ways;  putting 
nature  to  a thoufand  proofs,  in  order  to  edablifh 
his  dedufHons  on  a fure  foundation.  It  is  impof- 
lible  for  me  to  give  you  even  an  imperfedt  idea  of 
this  method,  in  thcfe  Lecdiures;  it  will  be  fufhcient 
if  you  here  attain  fo  much  knowledge  as  will 
awaken  your  attention  to  a fuller  and  clofer  invef- 
tigation  of  the  fubjedt.  Having  fliewm  you  by  the 
preceding  experiments,  that  the  light  of  the  fun 
confifts  of  rays^  differently  refrangible^  I {hall  now , 
endeavour  to  prove  to  you,  that  the  rays  of  light, 
zvhich  differ  in  colour^  differ  alfo  in  rdf  Tangibility. 

It  is  not  indeed  always  necelTary  that  judg- 
ment Ihould  be  founded  on  dernonjtration^  in  order 
to  obtain  your  confidence,  for  demonffration  is 
rarely  to  be  found.  It  is  expedient,  therefore,  to 
lludy  the  art  of  judging  accurately  upon  probabili^ 
ties,  w^hich,  where  they  can  be  clearly  difccrned, 
are  a fufhcient  ground  for  confidence,  until  new 
light  break  in,  or  circumftanccs  change,  whereon 
a new  judgment  may  be  formed  with  limilar  accu- 
racy. It  is  the  vain  expedfation  of  abfolute  cer^' 
tainty  that  keeps  many  continually  wavering  a^id 
irrefolute  ; for  being  afraid  of  trufting  to  any  thing 
that  has  not  fuch  certainty,  and  being  able  to  find 
it  no  where,  they  live  in  a round  of  doubts,  w ithout 
being  able  to  fettle  on  any  one  point.  YoU  may 
be  alTured  that  fomc  courage,  as  well  as  caution,  is 
requifite,  cither  to  fecure  freedom  of  thought,  of 
open  a paflage  to  prohciency  in  any  fcience. 

Here  is  an  oblong  piece  of  paper,  one  half 
of  which  is  'coloured  ifrongly  with  red,  the  othef 
with  blue;  place  it  upon  this  piece  ot  black  cloth 
near  the  window^,  where  it  will  be  hrongly  illumi^ 
nated ; now  look  at  it  through  a glafs  prifm,  held 
parallel  to  it,  and  to  the  horizon,  w'ith  the  refradU 
ing  angle  upwards,  the  paper  wdli  aopear  broken 
VoL.  II.  B b ^ and 
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and  divided  into  two  parts,  the  blue  half  is  lifted 
higher  by  refradion  than  the  red.  If  you  turn  the 
refradfing  angle  of  the  prifrn  downwards,  ,fo  that 
the  paper  may  be  carried  lower  by  refradtion,  the 
blue  half  wdll  be  carried  lower  than  the  red  half. 
This  experiment  fliews  clearly,  that  the  light  from 
the  blue  is  more’  refrafjedy  and  is  therefore  more  re-- 
frangiblcy  than  the  light  from  the  red. 

I fhall  now  WTap  a thread  of  black  filk  feveral 
times  round  a piece  of  paper,  one  half  of  which  is 
coloured  like  that  we  ufed  in  the  preceding  experi- 
ment, and  the  thread  appears  as  if  it  werefo  many 
black  lines  drawn  upon  the  colours.  Darken  the 
room,  and  fet  the  paper  up  perpendicularly  againft 
the  wall,  fo  that  one  of  the  colours  may  ftand  to 
the  right,  the  other  to  the  left ; now^  illuminate 
it  ftrongly  with  a candle,  while  with  a lens  of  a 
long  focus,  I colledl  the  rays,  fo  as  to  foi'm  an 
image  of  the  coloured  paper  upon  the  white  fereen, 
the  fereen  bein<2c  at  about  the  fame  diftance  from 
the  lens  as  the  lens  is  from  the  coloured  paper. 

Move  the  fereen  backwards  and  forwards  to 
find  where  the  images  of  the  blue  and  red  parts  of 
th€  paper  are  moft  diiiindt ; this  is  eafily  known  by 
the  images  oflthe  black  threads  of  filk,  and  you  w ill 
find  that  W'hci^  the  red  half  appears  diftindl,  the 
blue  half  is  confufed  ; and  on  the  contrary,  wTen 
the  blue  half  appears  dillinc^f,  the  red  is  fo  confufed 
that  the  black  lines  are  fcarcely  vilible : the  fpace 
between  thefe'  two  fituations  of  the  paper  is  about 
1 1 inch,  the  didance  of  the  paper  from  the  lens 
being  about  6 feet.  The  focal  didance  of  the  red  rays 
being  longer  than  that  of  the  blue,  is  a proof  that 
the  blue  rays  are  more  refrangible  than  the  red  ; 
and  we  obtain  a new  demondration  of  the  dider- 
ence  in  the  refrangibility  from  the  different  focal 
didances,  at  which  the  rays  proceed  from  different 
colours  ; for  thofe  \\hofc  rays  are  mod  refrangible 
' . mud 
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rmiit  be  collc6lcd  and  united  at  the  (hortefl:  dif- 
tance.  Therefore  rays  that  differ  in  their  colour 
differ  alfo  in  their  decrees  of  refrangibility, 

^he  different  refrangibility  of  the  rays  of  light 
is  a great  obftacle  to  the  perfection  of  telef copes  and 
microfcopes.  This  is  a clear  inference  from  our  laft 
experiment,,  for  no  rays  ilfuing  from  a point  can  be 
refracted  by  a lens  to  a fingle  point. 

From  what  has  been  laid  it  is  alfo  plain,  that 
if  the  folar  light  confifted  but  of  one  kind  of  rays, 
there  would  be  but  one  colour  in  the  world  ; or,  in 
other  words,  all  things  would  be  of  the  fame  colour. 

From  one  experiment  to  another.  Sir  I.  New- 
ton was  led  to  what  he  juflly  calls  the  experimen-^ 
turn  crucisj  which  I fhall  relate  to  you  fo  as  to 
enable  you  to  tepeat  it  at  your  leifure,  as  we  have 
already  em.ployed  as  much  of  our  time  as  can  be 
well  fpared  on  this  fubjeCl.  Fie  took  two  thin 
boards,  and  placed  one  of  them  clofe  behind  the 
prifm  at  the  window,  in  fuch  a manner  that  the 
middle  of  the  refracted  light  might  pafs  through 
the  hole  made  in  it,  and  the  reft  be  intercepted  by 
the  board,  and  be  refraded  on  the  other  board 
which  he  placed  at  about  the  diftance  of  12  feet  ; 
having  made  a fmall  hole  in  the  fccond  board  alfo, 
and  placed  it  in  fuch  manner  that  the  middle  of 
the  refraded  light,  which  came  through  the  hole 
in  the  firft,  might  pafs  through  that  of  the  fecond, 
the  rell  being  intercepted  by  the  board  might  paint 
upon  it  the  coloured  fpedrum  of  the  fun. 

He  then  placed  another  prifm  behind  the  fe- 
cond  board,  fo  that  the  light  which  was  tranfmit- 
ted  through  both  the  boards  might  pafs  through 
that  alfo,  and  be  again  refracted  before  it  arrived 
at  the  wall. 

This  being  done,  he  took  the  firft  prifm  in  his 
hand,  and  turned  it  about  it’s  axis,  fo  as  to  make 
the  feveral  parts  of  the  image  calt  on  the  fecond 
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board  fuccelTively  topafs  through  the  hole  therein, 
and  fall  upon  the  prifm  behind  it,  that  he  might 
ohjerve  to  what  places  on  the  wall  they  would  be 
refrafled  by  the  fecond  prifm  ; and  it  appeared, 
that  the  light  which  was  moft  refradled  by  the 
firfl  prifm  was  alfo  moft  refracted  by  the  fecond, 
and  went  to  the  higher  part  of  the  wall ; and  the 
light  which  was  leall  refracled  by  the  firfl:,  was 
alfoleafi:  refraded  by  the  fecond;  and  that  the  moft 
refrangible  was  violet,  and  the  leaft  fo  red.  During 
the  experiment  the  two  boards  and  the  fecond  prifm 
remained  unmoved,  by  which  means  the  incidence 
thereon  was  always  the  fame  ; fo  that  without  any 
difference  in  the  medium  fome  of  them  fliall  be 
more  refracted  than  others  ; and  that  according  to 
their  different  degrees  of  refrangibility  they  will 
be  tranfmitted  through  the  prifm  to  different  parts 
of  the  wall. 

Fig,  1 1,  p/.  6.  V S T is  the  prifm  that  firft  re- 
ceives the  folar  light;  this  is  refracted  and  falls  upon 
the  middle 'of  the  board  P X Q,  the  middle  part  of 
which  falls  upon  the  fecond  board  p x q.  By  turn- 
ing the  prifna  VST  flowly  to  and  fro  about  it’s 
axis,  the  image  will  be  made  to  move  up  and 
down,  fo  that  all  the  parts  from  one  end  to  the 
other  may  be  made  to  pafs  fuccelfively  through  the 
hole  g.  as  t another  prifm  to  refraff  the  light  paf- 
fing  through  the  hole  g on  the  fereen  Y Z y.  The 
polition  of  the  holes  remaining  conftantly  the 
fame,  the  incidence  of  the  rays  on  the  fecond 
prifm  was  the  fame  in  all  cafes;  yet  with  that  com- 
mon incidence  fome  rays  arc  more  refradfed,  and 
others  Icfs. 

F'he  rays  of  light  that  fall  on  a ref  eel  in g fur  face 
in  the  fame  angle ^ if  refeoled  at  alf  are  refet'ied  in 
the  fame  angle s\  confequently  there  will  he  no  fuch  fe^ 
paration  in  degree  of  the  rays  of  light  by  refection  as 
there  is  by  refraction.  This  pofition  is  readily 

proved. 

A. 


Of  Colours. 


373 

proved.  I fhall  place  this  plane  mirror  in  an  hori- 
zontal polition,  fo  as  to  receive  this  beam  from 
the  hole  in  the  windovv-fluittcr,  and  it  is  thereby, 
you  fee,  reflected  to  the  oppolite  wall;  the  figure  of 
the  reflected  light  is  circular  like  the  hole,  but 
there  is  no  reparation  of  the  rays  as  in  refradion, 
nor  any  colours  produced  by  refiedion  ; the  rays, 
which  have  the  fame  incidence,  running  parallel 
to  one  another  after  rcfic(!;lion,  being  refieded  at 
equal  angles  : though  the  moft  refrangible  will 
be  the  foonefi:  refieded,  if  they  rnove  out  of  a denfe 
into  a rare  medium  ; a circumftance  which  does 
not  in  the  leafi  alfed  the  prefent  propolition. 

Thc-rays  of  the  fun’s  light,  however,  which 
are  refrangible,  arc  alfo  more  refiexible  than  others, 
K L I,  Jig.  1 2,  pi.  6,  reprefents  a prifm  ; the  angle  K 
is  a right  angle ; the  other  angles  L,  I,  arc  equal  to 
each  other;  TM  a beam  of  light  that  pafTes 
through  the  furface  K I,  and  is  incident  at  N upon 
LI.  It  will  enrerge  in  the  diredion  M S;  but 
when  the  angle  of  incidence  at  M is  fuch  that  the 
fine  of  the  angle  of  refradion  is  equal  to  the  ra- 
dius, the  angle  of  refradion  becoming  a right  one, 
the  ray  cannot  emerge,  but  will  be  totally  re- 
fleded. 

By  turning  the  prifm  fiowly  about  it’s  axis 
until  all  the  light  which  went  through  one  of  it’s 
angles,  and  was  refraded  by  it,  began  to  be  re- 
fieded by  it’s  bafe.  Sir  1.  Newton  found,  that 
thofe  rays  which  had  fufiered  the  greatefi:  refrac- 
tion were  fooner  reflected  than  the  reft  ; he  there- 
fore conceived  that  thofe  rays  of  refieded  light, 
which  were  moft  refrangible,  did  firft  of  all,  by  a 
total  refiedion,  become  more  copious  in  that  light 
than  the  reft  ; and  that  afterwards  the  reft  alfp,  by 
a total  refiedion,  became  as  copious  as  thefc.  To 
try  this,  he  made  the  refieded  niyyjig.  \2ypl.Gy  paf; 
through  another  prifm  T V X,  fo  placed  as  to  fc- 
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parate  it’s  component  colours  by  refradlion  ; O M, 
the  refieded  beam,  then  the  light,  which  firfl  be- 
gins to  be  refledled,  confifting  almoft  entirely  of 
violet  light,  w^ere  by  the  fecond  prifm  fo  refradcd 
as  to  fall  on  q,  and  paint  a violec  colour.  As  the 
firft  prifm  continues  to  be  turned  on  it’s  axis,  the 
light  is  more  and  more  copioufly  refledted,  and  the 
colours  between  q and  r appear  in  fucceiiion  till 
the  red  appears,  when  the  reflection  becoming  to- 
tal, the  colours  formed  by  refradlion  at  QRS  dif- 
appear,  as  thofe  at  q s appear. 

In  the  beginning  of  this  Lecture  I obferved  to 
you,  that  no  one  kind  of  rays  w-ould  exhibit  w hite- 
nefs  ; it  is  the  moft  furprifing  and  wonderful  com- 
pofition,  an  affemblage  of  all  the  colours  of  the 
prifm  in  union.  Whit enefs ^ or  the  folar  lights  is 

always  compounded ; and  all  the  primary  colours 
7nixed  in  due  proportion^  are  requijite  to  iV s for- 
mation. I fhall  illuftrate  this  by  one  of  the  moft 
celebrated,  and  ‘moft  fimple  of  Sir  I.  Newton’s 
experiments. 

I darken  again  our  room,  and,  as  in  the  firft 
experiment,  refracfi:  a beam  of  light  by  a prifm,  and 
receive  it’s  image  on  thefcreen.  Let  us  remove  the 
fereen,  and  hold  this  lens,  fo  that  the  refraded  rays 
may  fall  upon  it ; this  you  perceive  has  occafioned 
the  coloured  light,  which  diverged  from  the  prifm, 
to  unite  and  meet  again  at  it’s  focus;  and  you  have 
upon  a piece  of  papei;  held  behind  the  folar  image 
intenfely  coloured  : the  rays  have  no  fooner,  you 
fee,  paired  through  the  lens,  than  they  begin  to 
mix  and  efface  each  other,  and  lofe  the  fine  har- 
monious proportion  that  was  before  exhibited  in 
the  fpaces  of  the  coloured  image.  As  you  remove 
the  paper  from  the  lens,  the  colours  will  approach 
more  and  more  to  each  other,  and  by  mixing  to- 
gether will  be  more  and  more  diluted.  You  are 
HOW  at  the  focus,  and,  you  fee,  they  arc  pcrfcdly 
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mixed  together,  the  colours  wholly  vanifli,  and  are 
converted  into  whitenefs,  they  forming  a fmall  cir- 
cular image  totally  white  ; the  red  no  longer  dif- 
plays  it’s  lively  flame,  the  green  boafts  no  more  the 
livery  of  the  fpring,  nor  the  blue  the  lucid  robe  of 
heaven,  but  all  blended  together  exhibit  the  white- 
nefs of  the  fun,  from  whence  they  proceeded.  Re- 
move the  paper  ftill  further  back,  fo  as  to  receive 
the  rays  after  having  crolled  at  the  locus,  and  as 
they  diverge  you  lee  they  again  renew  their  fplen- 
dor  and  colour,  but  in  a contrary  order,  the  red 
being  now  above,  and  the  violet  below.  Ihis  re- 
appearance of  the  colours  beyond  the  place  w’here 
they  were  blended,  is  a further  proof  of  the  immu- 
tability of  the  primary  colours,  as  it  fliews  that 
they  neither  lofe  their  colour  or  quality  by  being 
blended  or  interfecling  each  other,  and  that  the 
'whitenefs  which  appears  is  produced  only  by  their 
mixture. 

The  whitenefs  is  miade  up  of  all  the  co- 
lours of  the  image,  for  if  any  of  the  rays  be  inter- 
cepted in  their  palfage,  the  whitenefs  ceafes,  and 
degenerates  into  that  colour  which  arifes  from  the 
compofition  of  thofe  which  were  not  intercepted, 
but  fulfered  to  pafs  through  the  lens  ; and  if  the 
intercepted  colour  be  again  let  pafs,  and  fall  upon 
the  compound,  it  will  immediately  reftore  it’s 
whitenefs. 

That  in  forming  the  white  the  rays  do  not 
fu ft er  change  byacling'on  each  other,  is  clear;  for 
if  you  hold  the  paper  beyond  the  focus  of  the  lens, 
and  flop  the  red  colour,  the  violet  fuffers  no 
change  ; nor  will  the  red  be  changed  by  flopping 
the  red,  and  letting  the  violet  pafs. 

When  the  paper  is  held  at  the  focus,  if  you 
look  through  a prifm  at  the  wldte  circular  image, 
you  will  have  a coloured  fpec^frum  ; let  any  ray  be 
intercepted  while  the  image  is  thus  examined,  and 
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then  let  it  pafs  again,  and  the  colour  will  appear  and 
difappear  as  often  as  you  repeat  the  experiment, 
the  remaining  colours  not  fuffering  any  change ; 
clearly  lliewing,  that  one  colour  depends  on  one 
kind  of  rays,  and  another  colour  on  another 
kind.  So  replete  and  decifive  are  the  expe- 
riments of  Sir  I.  Newton,  that  they  not  only 
prove  the  propofition  they  were  primarily  in- 
vented  to  illulirate,  but  at  the  fame  time  they  alfo 
ftrengthen  the  truth  of  other  propofitions. 

Convincing  as  were  thefe  experiments,  the 
fertile  imagination  of  Newton  invented  new  ones, 
which,  though  different  from  each  other,  all  con- 
curred to  prove  the  fame  thing;  they  fecmed  to 
rife  under  his  hands,  as  the  poets  make  flowers 
fpring  under"  the  feet  of  their  beauties.*  He 
caufed  an  inflrument  to  be  made  in  form  of  a 
comb,  with  teeth  i ^ inch  broad,  and  at  two 
inches  diflance  from  each  other;  by  pafling  this 
comb  over  the  lens  placed  as  in  the  lafl:  experi- 
ment, part  of  the  colours  were  intercepted  by  the 
teeth,  while  the  reft  proceeded  on  to  the  paper 
placed  at  the  focus  of  the  lens.  This  image  ap- 
peared white  w’hen  the  comb  was  taken  aw^ay,  but 
when  this  was  interpofed'  the  whitenefs  was 
changed  into  the  colour  pafling  through  the  comb. 
When  the  motion  of  the  comb  is  flow,  the  colours 
red,  )ellow^,  green,  blue,  purple,  alw'ays  fucceed 
one  another  ; but  when  the  comb  is  moved  quick- 
ly, the  colours  following  one  another  w ith  extreme 
rapidity,  cannot  be  diftinguiflied,  and  from  the 
confufion  of  the  whole  there  arifes  one  uniform 
colour;  the  impreflion  of  all  the  colours  is  at  once 
in  the  fame  part  of  the  eye,  and  they  jointly  excite 
fhe  fenfation  of  w’hitenefs. 

Here  is  a top,  fuch  a§  we  w^ere  ufed  to  fpin  in 
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our  younger  days ; the  furfacc  is  divided  into  cer- 
tain proportions,  to  accord  with  the  coloured  fpcc- 
trum  of  the  prifm  : by  pulling  this  ftrihg  I fhall 
make  the  top  revolve  rapidly  on  it’s  axis ; while  it 
is  fo  revolving  you  can  diflinguifh  none  of  the 
colours  fingly,  but  the  whole  appears  white,  and 
this  whitenefs  will  be  greater  in  proportion  as  the 
particular  colours  are  brighter. 

The  colours  produced  by  the  prifm  are  not 
only  the  molt  beautiful  in  nature,  but  each  in  it- 
felf  continues  feparate  and  unalterable.  When 
one  of  thefe  primitive  rays  has  been  feparated  from 
the  reft,  nothing  can  change  it’s  colour;  fend  it 
through  other  prifms,  refract  or  refie(^l:  it,  fHll  it 
remains  unalterable,  the  red  ray  preferves  it’s 
crimfon,  and  the  violet  it’s  purple  beauty.  JVhat-^ 
ever  objetl  falls  under  any  of  them  foon  gives  up  it^s 
own  colour y though  everfo  vividy  to  afj'ume  tbe  homo-- 
genial  light  of  the  prifmatic  ray.  Take  a bit  of 
paper,  and  place  it  in  the  red-making  ray,  and  it 
will  appear  red  ; place  it  in  the  other  coloured 
rays,  and  you  will  always  find  it  affume  the  radial 
colour.  Take  a piece  of  coloured  paper,  and  put 
it  in  the  red  light,  and  it  w ill  appear  red  ; hold 
it  in  the  yellow,  orange,  &c.  and  it  will  appear 
orange,  yellow^,  &c.  refpedively.  In  fhort,  no  art 
can  alter  the  colour  of  a feparated  ray  ; it  gives  it’s 
tint  to  every  objeef,  but  will  affume  none  from  any; 
neither  reHedion,  refradion,  nor  any  other  means, 
can  make  it  forego  it’s  native  hue ; like  gold,  it  may 
be  tried  by  every  experiment,  but  will  dill  come 
forth  the  fame. 

It  will  be  neceffary  here  to  explain  the  me- 
thod ufed  by  Sir  L Newton,  to  define  the  bounda- 
ries of  each  colour  in  the  prifmatic  fpedrum. 
You  obferved  in  the  image,  that  though  there  w’as 
a manifeft  dilference  of  colour  not  only  between 
.the  two  extremes,  but  alfo  in  the  intermediate 
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parts,  yet  the  exadl  place  at  which  any  one  colour 
ended  and  another  began  was  far  from  being  fuf- 
liciently  diftinguifhable ; this  indiftindnefs  was 
occafioned  by  rays  of  every  kind,  proceeding  from 
all  parts  of  the  fun’s  diflc  ; an  entire  image  of  the 
funis  projedfed  on  the  paper,  conlifting  of  a circle 
of  each  particular  colour  ; and  as  the  rays  differ 
in  kind  by  infinitefimal  degrees,  from  the  extreme 
red  to  the  extreme  violet,  there  mufr,  in  fadf,  be 
thoufands  ofthefe  circles  in  the  oblong  image,  the 
centers  of  which  are  infinitely  near  to  each  other, 
fo  that  the  light  is  intimately  mixed,  efpecially  in 
the  middle  of  the  image,  where  it  is  brightefr. 

He  therefore  conlidcred,  that  if  thefe  circles 
could  be  made  lefs,  while  their  centers  kept  the  fame 
diftances  and  pofitions,  their  interference  and  mix- 
ture with  each  other  would  be  proportionably  dimi- 
nifhed,and  that  they  would  be  fo  diminifhed,  if  with- 
out the  room  at  a great  diftance  from  the  prifm  to- 
wards the  fun,  an  opake  body  was  interpofed,  hav- 
ing a round  hole  in  the  middle  of  it,  to  intercept 
all  the  fun’s  light,  except  as  much  as  coming  from 
the  middle  of  it’s  difk  could  pafs  through  that 
hole  to  the  prifm;  for  then  the  feparate  circles 
would  no  longer  anfwer  to  the  whole  difk  of  the 
fun,  but  only  to  that  part  of  it  which  can  be  feen 
from  the  prifm  through  that  hole.  But  to  make 
thefe  circles  anfwer  more  diftindfly  to  the  hole,  a 
lens  is  to  be  placed  by  the  prifm,  to  caft  the  image 
of  the  hole,  that  is,  of  each  feparate  circle  diftindt- 
ly  on  the  paper. 

At  about  lO  or  12  feet  from  the  window^  Sir 
I.  Newton  placed  a lens,  by  w hich  the  image  of  the 
hole  might  be  dilfindily  caft  upon  a Iheet  of  paper 
at  6,  8,  10,  or  12  feet  from  the  lens.  Immediately 
after  the  lens  he  placed  a prifm,  by  which  the  re~ 
fra  died  light  might  be  ^thrown  upw^ards  or  fide- 
^vays  ; moving  the  paper  that  received  the  image 
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nearer  to  or  further  from  the  prifm,  till  he  found 
the  fituation,  where  the  Tides  of  the  image  were, 
moil  dihinct. 

Fig,  13,  pi.  6.  F is  the  hole  in  the  window- 
fhutter  ; M N ^ a lens  whereby  the  image  of  that 
hole  is  cafi:  diftindlly  on  the  paper  at  I ; ABC  a 
prifm  to  refraifl  the  rays,  emerging  from  the  lens 
to  another  paper  at  p t ; the  round  image  at  1 is 
thereby  turned  into  an  oblong  image  pt  falling  on 
the  other  paper.  This  image  p t confifts  of  circles 
placed  one  after  another  in  redilinear  order,  the 
circles  are  equal  in  magnitude  to  the  circle  I;  con- 
fequently  by  diminiihing  the  hole  F,  they, may  be 
at  pleafurc  diminidied,  whild:  their  centers  remain 
in  their  places.  By  this  means  the  breadth  of  the 
image  p t may  be  made  forty  times,  and  fometimes 
fixty  or  feventy  times  lefs  than  it’s  length,  and 
thereby  the  mixture  of  the  rays  as  much  or  as  little 
as  you  pleafc.  * 

By  this  means  he  obtained  a diftindl  termina- 
tion of  the  images  of  the  hole  without  any  pe- 
numbra, and  therefore  only  extending  the  lead: 
degree  into  each  other,  and  confequently  there 
was  very  little  mixture  of  heterogenial  rays.  By 
enlarging  or  diminilliing  the  hole  in  the  window- 
fhutter,  he  made  the  circular  images  greater  or 
Jefs  at  plcafure,  and  thereby  the  mixture  of  rays 
in  the  oblong  image  was  as  much  or  as  little  as  he 
chofe ; fometimes  making  the  image  40  times,  and 
fometimes  60  or  70  times  lefs  than  it’s  length. 

Thus  the  light  was  rendered  fufficiently  fimple 
for  trying  any  of  his  experiments  about  homoge- 
nial  light,  the  heterogeneous  rays  being  fo  few  as 
hardly  to  be  perceived,  excepting  in  the  indigo 
and  violet,  which  being  dark  colours  eafily  fuffer 
an  allay,  even  by  the  little  fcattering  light  re- 
fraded  irregularly  by  the  iiicqualities  of  the 
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When  he  had  thus  got  the  Tides  of  the  co- 
loured image  diftinclly  defi^ned,  he  delineated  the 
outlines  of  it  on  paper,  holding  the  paper  To  that 
the  image  might  fall  on  the  paper,  and  coincide 
^dth  it  exadly;  while  an  aOiftant  marked  the 
confines  of  each  colour,  by  lines  drawn  acrofs  the 
image.  This  w'as  frequently  repeated,  both  on 
the  fame  and  different  papers  ; the  obfervations 
were  found  to  agree  wdl  enough  with  each  other, 
and  the  Tides  were  divided  like  a mufical  chord, 
and  w^ere  in  proportion  to  one  another,  as  the  num- 
bers I,  I,  I-,  I,  I,  i,  ^nd  and  To  reprefented 
the  chords  of^the  key,  and  of  a tone,  a third 
minor,  a fourth,  a fifth,  a fixth  major,  a fe- 
venth,  and  an  eighth  above  that  key. 

The  length  of  the  fpaces,  which  the  7 pri- 
mary colours  poffefs  in  the  fpedrum,  exadly  cor- 
refponds  to  thofe  of  the  chords  that  found  the 
feven  notes  in  the  diatonic  fcale  of  mufic. 

From  this  reafoning,  colours  and  founds  have 
been  thought  to  be,  in  Tome  refped,  fimilar.  There 
are  7 notes  in  mufic  ; there  are  alfo  fo  many  pri- 
mary colours : the  diftance  between  each  note  is 
afeertained  ; a fimilar  diffance  is  alfo  found  be- 
tween each  coloured  ray.  But  the  diverfities  be- 
tween them  are  more  numerous  than  the  fimili- 
tudes.  The  combination  of  tones  increafes  their 
beauty;  but  the  combination  of  colours  deadens 
their  effetT.  The  fucceffion  of  founds  have  a won- 
derful influence  on  the  mind  ; the  fucceflion  of 
colours  has  fcarce  any.  Notwithftanding  this, 
Pere  Caftel  has  written  a treatife,  to  prove  that 
as  the  ear  finds  pleafure  in  the  fucceflion  of 
founds ; fo  the  eye  may  have  a fimilar  one  from 
the  fucceflion  of  colours.  For  this  purpofc,  he 
confl:rud:ed  an  ocular  harpfichordy  which,  inftead 
of  founding  to  the  ear,  prefented  colours  to  the 
eye : the  prifmatic  rays  furniflied  the  notes,  and 
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the  (hades  between  were  fubftituted  tor  the  fen\i- 
tones.  Sounds  furnifli  the  ear  with  all  it’s  *plea- 
fures,  but  colours  furnifh  the  eye  but  with  half  it’s 
pleafure  ; therefore,  little  is  to  be  expeded  from 
the  mufic  of  colours.  To  make  fuch  an  inftru- 
ment  fatisfy  the  fenfe  of  light,  the  beauty  of 
figure  muft  be  united  to  that  of  colour. 

The  foregoing  principles  account  for  feveral 
phenomena,  that  were  inexplicable  before  Sir  Ifaac 
Newton  had  inveftigated  the  theory  of  colours. 
Among  others,  why,  upon  looking  at  any  object 
through  a prifm,  the  edges  only  appear  tinged 
with  colours,  and  that  in  a certain  order.  ^ 
when  you  look  through  a prifm,  at  any  objccT,  (it 
not  too  fmall  (particularly  if  it  be  white),  the 
edges  only  of  the  objcd  are  coloured ; one  edge 
red,  orange,  and  yellow;  the  other  blue,  indigo, 
and  violet.  Thefe  colours  are  the  extremities  ot  fo 
many  images  of  the  object,  as  there  are  rays  of  light 
differently  refrangible.  This  will  be  beft  explained 
by  a diagram.  Let  A B C D i^^pL  6,  be  a white 
figure,  viewed  through  a prifm  H I K : C E,  D E, 
are  rays  proceeding  from  the  extremities,  which, 
if  the  prifm  wore  not  interpofed,  would  meet  at 
E;  but  by  means  of  the  prifm,  are  unequally 
refraded ; the  red  uniting  in  G,  the  violet  at  F ; 
the  intermediate  one  between  G and  F,  into  as 
many  points  as  there  are  rays  difierently  refran- 
gible. The  eye  being  fituated  fo  as  to  receive 
thefe  rays,  fees,  in  this  refraded  direitlion,  the 
image  aosp  augmented  in  height,  by  the  quantity 
, b o,  which  is  that  of  the  rays,  feparated  by  refrac- 
tion. The  edges  of  this  image  are  coloured  ; the 
lower  edge  red,  from  a to  e;  orange,  from  c to 
d ; and  yellow,  between  d and  e.  At  the  upper 
edge,  blue,  from  1 to  m ; indigo,  from  m to  n ; 
violet,  from  n to  o.  From  wFat  we  have  faid,  it 
is  eafy  for  you  to  perceive,  that  thefe  colours  are 
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the  extremities  of  fo  many  images  of  the  object  5 
each  colour  occupying  a fpace,  equal  in  extent  to 
that  of  the  card  A B C D,  which  receives  the  light 
of  the  fun,  which  light  is  compofed  of  all  the 
rays.  The  red  image,  therefore,  extends  from  a 
to  b ; the  orange,  from  c to  i ; the  yellow,  from 
d to  k ; the  green,  from  a to  1 ; the  blue,  from 
f to  m j the  indigo,  from  g to  n ; the  violet,  from 
h to  o. 

This  explains  clearly,  why  the  extremities  only 
are  coloured,  while  the  middle  remains  white ; 
the  colours  anticipate  one  on  the  other,  fo  that 
they  are  all  mixed  together  in  the  fpace  between 
h and  b ; in  the  fmall  intervals  between  e and 
h,  and  b and  1,  it  is  nearly  white.  It  is  only 
from  a to  e,  and  from  1 to  o,  that  the  colours 
are  fufficiently  pure  and  unmixed,  to  be  appa- 
rent. 

If  the  objedt  you  look  at  through  the  prifm 
is  fmall,  and  viewed  at  a dillance,  the  whole 
furface  is  coloured  ; for  when  the  objedt  is  fmall, 
each  objedt  occupies  lefs  fpace;  whilfl:  the  quan- 
tity that  the  rays  are  feparated  from  each  other,  is 
the  fame,  they  are  confequently  lefs  mixed,  and 
more  apparent. 

If  a black  objedl  be  furrdunded  with  a white' 
, one,  the  colours  w hich  are  perceived,  are  to  be 
derived  from  the  light  of  the  illuminated  objedt 
fpreading  into  the  regions  of  the  black ; and 
therefore  they  appear  in  a contrary  order  to  what 
they  do  when  a white  objedt  is  furrounded  with  a 
black  one. 

It  is  the  fame  when  an  objedt  is  viewed,  the 
parts  of  which  are  lefs  luminous  than  others  ; for,- 
in  the  borders  of  the  more  and  lefs  luminous  parts, 
colours  ought  always  to  arife  from'  the  fame  prin-' 
ciple,  viz.  from  the  excefs  of  light  of  the  more 
luminous  objedt,  and  to  be  ^f  the  fame  kind  as 

if 
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if  the  darker  parts  were  black,  but  yet  to  be  more 
faint  and  dilute. 

What  is  laid  of  colours  made  by  prifms, 
may  be  calily  applied  to  the  colours  made  by 
the  glalfes  of  telefcopcs  and  microfeopes,  or  by 
the  humours  of  the  eye;  for  if  the  objecl-glafs  of 
a telefcope  be  thicker  on  one  fide  than  the  other, 
or  if  one  half  of  the  glafs,  or  one  half  of  the  pupil 
of  the  eye,  be  covered  with  any  opake  fubftance, 
the  objedt-glafs,  or  that  part  ot  it  or  of  the  eye 
which  is  not  covered,  may  be  conlidcred  as  a wedge 
with  crooked  lides  : and  every  other  pellucid  fub- 
flance  has  the  efted:  of  a prifm,  in  refrading  the 
light  that  palles  through  it’s  fubftance. 

Though  the  foregoing  theory  of  light  and 
colour  was  firft  fully  and  clearly  inveftigated  by 
Sir  Ifaac  Newton,  yet  fome  traces  thereof  are  to 
be  found  among  the  ancients. 

Plato  does  not  feem  to  have  been  altogether 
ignorant  of  the  Newtonian  fyftem  of  colours;  for 
he  calls  them  the  elfedl  of  light  tranfmitted  from 
bodies,  the  particles  of  which  were  adapted  to 
the  organs  of  fight.  Now  this  is  precifely  the 
fame  with  what  Sir  Ifaac  teaches,  that  the  dif- 
ferent fenfations  of  each  particular  colour  arc 
excited  in  us  by  the  difference  of  ftze  in  thole 
fmall  particles  of  light  vvhich  form  the  feveral 
rays  ; thofe  fmall  particles  of  liglit  occalioning 
different  images  of  colour,  as  the  vibration  is 
more  or  lefs  lively  with  which  they  ftrike  our 
fenfes.”  Plato  hath  gone  further:  he  has  entered 
into  a detail  of  the  compolition  of  colours,  and 
inquired  into  the  vijible  ejf'e^ls  that  mujl  arife  frovt 
a mixture  of  the  different  rays  of  which  light  itfelf 
is  compofed.  Pie  thought  certain  rules  might  be  laid 
down  on  this  fubject,  if,  in  following  and  imi- 
tating nature,  we  could  arrive  at  the  art  of  form- 
ing a diveriity  of  colours  by  the  combined  inter- 
mixture 
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mixture  of  others;  adding  afterwards  what  may- 
be confidered  as  the  nobleft  eulogium  ever  made 
on  Sir  Ifaac  'Newton.  Should  ever  any  one^  exclaims 
this  fublime  philofopher  of  antiquity,  attempt,  by 
curious  refearch,  to  account  for  this  admirable  yne^ 
chanifm,  he  will,  in  doing  Jo,  but  manifeft  how 
entirely  ignorant  he  is  of  the  difference  between  di~ 
vine  and  human  power.  It  is  true,  God  can  inter- 
mingle thofe  things  one  with  another,  and  then  fever 
them  at  his  pleafure  ; becaufe  he  is,  at  the  fame 
time,  all  knowing  and  all  powerful : but  there  is  no 
man  now  exifts,  nor  ever  zvill,  perhaps,  who  fhall 
ever  he  able  to  accomplijh  things  fo  very  difficult,  . 
What  an  eulogium  are  thefe  words,  in  the  mouth 
of  fuch  a philofopher  as  Plato,  and  how  glorious 
is  He  who  hath  fuccefsfully  accomplifned  what 
appeared  impradticable  to  that  prince  of  philo- 
fophers  1 And  what  elevation  of  genius,  what 
piercing  penetration  into  the  moft  intimate  fecrets 
of  nature,  difplays  itfelf  even  in  the  pafTages  re- 
cited from  Plato,  when  we  confider  that  philo- 
fophy  w’as  then  but  in  it’s  infancy. 
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Of  the  Rainbow. 

WHEN  we  look  back  upon  the  knowledge  of 
the  feveral  periods  of  time  with  which  hif- 
tory  has  left  us  any  acquaintance,  and  compare  it 
with  the  prefent,  reviewing  at  the  fame  time  the 
improvements  of  the  two  lafl  centuries,  and  com- 
paring them  with  the  whole  feries  of  what  pre- 
ceded, we  can  fcarce  avoid  regarding  the  later 
period  with  a refpedl  that  approaches  to  vene- 
ration. 

It  is  not  to  be  doubted  but  that  men  have  at 
all  times  the  fame  natural  abilities.  That  many  of 
the  fages  of  antiquity  were  men  of  the  greateft 
ability,  and  moft  extenlive  genius,  they  have  left 
fufheient  evidence  in  the  records  of  their  works. 
The  glory  of  the  prefent  period  is,  that  genius  and 
. application  have  been  direded  into  a proper 
courfe,  that  men  have  ftudied  things  inftead  of 
wordsy  and  have  built  their  fyftems  upon  fads,  not 
like  their  predecelTors  on  theories. 

I would  not  be  underftood  as  defirous  of  tak- 
ing from  the  venerable  fathers  of  erudition,  all 
claim  to  ufeful  difeoveries  ; for  their  writings  give 
us  teftimony  of  inventions  which  the  moft  enter- 
prizing  geniufes  of  thefe  ages  have  found  ir  impof- 
iible  to  equal ; but  thefe  are  few.  With  us  know- 
ledge is  the  offspring  of  experiment,  and  we  ad- 
vance nothing  as  a principle,  but  what  is  in  a de- 
gree demonftrable,  and  what  can  be  in  fome  way 
put  to  the  teft  of  experience.  On  this  ftable  foun- 
dation fcience  has  rifen  to  it’s  prefent  height,  a 
VoL,  II.  C c fituation 
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fituation  in  which  the  moft  fanguine  of  the  writers 
in  the  obfcurer  ages  could  never  have  cxpedled  to 
fee  it ; and  yet  far  below  that  degree  of  perfedlion 
to  which  I think  it  poflible  it  may  arrive,  and  to 
which  by  thefe  very  means  it  may  be  carried.  It 
is  not  eafy  to  fay  what  will  be  the  triumphs  of  mo- 
dern application  joined  to  modern  genius,  nor  to 
fay  where  it  will  flop,  while  there  is  the  fame  ar- 
dour in  the  purfuit,  the  fame  principles  to  work 
upon,  and  an  infinite  number  of  fadls  afeertained. 

The  colours  of  the  rainhowy  which  ftruck  an- 
tiquity with  amazement,  no  longer  now  create 
the  philofopher’s  furprife.  To  Pliny  and  Plutarch 
it  appeared  as  an  objedt  which  w e might  admire, 
but  could  never  explain.  Kepler  feems  to  have 
been  the  firft  who  fuppofed  that  it  might  arife  from 
the  refradion  of  the  fun’s  rays  upon  entering  the 
rain  drops.  Antonio  de  Dominis  enlarged  a theory 
juft  hinted  at  by  Kepler.  Each  fucceeding  phi- 
lofopher  went  on  in  improving  a theory,  the  truth 
of  which  Teemed  to  carry  great  probability  ; but  as 
they  w ere  ignorant  of  the  true  caufes  of  colour, 
they  left  the  tafk  unfinifhed  for  Newton  to  com- 
plete. You  will  find  that  the  theory  of  the  rain- 
bow, as  explained  by  him,  is  full,  clear,  and  w ill 
imprefs  your  mind  with  perfect  convi(ftion. 

Of  the  various  meteors  the  rainbow  is  one  of 
the  moft  plealing  ; it’s  colours  not  only  delight  the 
eye  wdth  the  mildnefs  of  their  luftre,  but  encou- 
rage the  fpedtator  with  the  profpedl  of  fucceeding 
ferenity.  It  is  almoft  necdlefs  to  deferibe  this  me- 
teor, as  there  are  very  few  but  muft  have  furveyed 
it  with  pleafure  and  furprife.  You  know  that  it 
is  only  feen  when  the  fpedlator  turns  his  back  to 
the  fun,  and  when  it  rains  on  the  oppofite  fide. 
It’s  colours,  beginning  from  the  under  part,  are 
violet,  indigo,  blue,  green,  yellowy  orange,  red,  fo 
that  it  contains  all  the  beautiful  and  fimple  fnades 
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of  the  prifm  ; without  the  firft,  there  is  often  an 
external  rainbow,  whofe  colours  are  lefs  vivid  and 
ranged  in  an  oppofite  order,  beginning  from  the 
under  part,  red,  orange,  yellow,  green,  blue,  in- 
digo, violet.  Sometimes  we  fee  half,  fomctimes 
an  whole  bow ; frequently  one,  very  often  two, 
nay  three  have  been  feen.  Though  the  rainbow 
is  generally  formed  by  the  reflection  of  the  rays 
of  the  fun’s  light,  from  the  drops  of  falling  rain,  it 
frequently  appears  among  the  waves  of  the  fea, 
whofe  heads  or  tops  are  blown  by  the  wind  into 
frnall  drops  j it  is  alfo  fomctimes  to  be  feen  on  the 
ground,  when  the  fun  fliincs  on  a very  thick  dew. 
Cafcadcs  and  fountains,  whofe  waters  in  their  fall 
are  divided  into  drops,  will  exhibit  rainbows  to  a 
fpcQator,  properly  fituatcd,  during  the  time  of  the 
I'un’s  fliining.  This  appearance  is  alfo  feen  by 
moon-light,  though  feldom  vivid  enough  to  render 
the  colours  diftinguifliable  ; and  an  artificial  rain- 
bow may  even  be  produced  by  candle-light  on  the 
water,  which  is  ejecled  by  a fmall  fountain,  or  jet 
d’eau.  All  thefc  are  of  the  fame  nature,  and  de- 
pendent on  the  fame  caufes,  fome  idea  of  w’hich 
may  be  formed  by  confidcring  thefe  diagrams. 

Let  the  circle  StD,  fig.  12,  pL  7,  and  Gds, 
Jig.  13,  pi.  7,  reprefent  two  drops  of  water;  S s^ 
Jig.  12,  a ray  of  light  falling  obliquely  on  the  drop 
of  water  at  s,  inftead  of  continuing  in  it’s  direction 
towards  F,  is  refraCted  to  t,  whence  it  wdll  be  in 
part  reflected  to  c,  making  the  angle  of  incidence 
equal  to  the  angle  of  reflection,  w’here,  inftead  of 
going  on  direcflly  to  f,  it  wdll  be  again  rcfracfl:ed  by 
pafling  obliquely  out  of  the  w^ater  into  the  air. 

But  as  this  ray  of  light  confilts  of  a pencil  of 
rays,  fome  of  w'hich  are  more  refrangible  than  the 
others,  the  violet  w hich  is  moft  fo  will  proceed  to- 
wards B,  and  the  red,  which  is  the  Icaft,  towards  O. 
If  then  the  eye  of  the  fpeclilator  be  fo  placed  at  O,  that 
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the  ray  of  light  falling  upon  it  from  the  drop  of 
water  has  been  once  refledled  and  twice  refradted, 
fo  that  e o lhall  make  with  the  folar  ray  s S an  an- 
gle vS  F O of  42°  2',  he  will  lee  the  red  ray  in  the 
diredlion  or;  for  it  has  been  found  by  computa- 
tion, that  the  greateft  angle,  under  which  the  mofl: 
refrangible  rays,  after  one  reflection,  can  come  to 
the  eye  of  a fpedtatpr,  is  40*^  17';  and  that  the 
greateft  angle  under  which  the  leafl:  refrangible 
rays  come  to  the  eye  is  42°  2'* 

If  the  eye  be  afterwards  raifcd  to  B,  fo  that  the 
ray  e b forms  with  the  folar  ray  only  an  angle  of 
40®  17',  he  will  fee  the  violet  ray  in  the  diredtion 
b B,  and  the  intermediate  colours  at  intermediate 
diredtions.  The  fame  thing  takes  place  if  the  eye 
of  the  fpedlator  remaining  in  the  fame  fpace  O,. 
the  drop  of  w^ater  defcends  from  D to  E ; or  if  you 
fuppofe  this  fpace  filled  with  drops  of  water,  you 
w ill  then  fee  at  the  fame  time  all  the  prifmatic 
colours.  The  rays  which  have  the  intermediate 
degrees  of  refrangibility  w ill  come  moft  copioufly 
from  drops  between  D and  E,  and  exhibit  the  inter- 
mediate colours  in  the  order  w hich  their  degree  of 
refrangibility  requires. 

Now^  what  has  been  faid  of  one  globe  or  drop 
of  water,  is  true  of  millions  of  drops.  Let  us  now 
imagine  a number  of  fuch  drops  of  rain,  placed  in 
the  circumference  of  a femicircle,  in  the  center  6f 
which  is  the  eye  of  the  fpedlator,  and  w'e  fliall  have 
a femicircular  band,  adorned  with  the  feven  pri- 
mitive colours,  and  whofe  breadth  will  be  equal 
to  DE,  that  is,  in  proportion  to  the  dilference  be- 
tween the  mofl:  and  leafl  refrangible  rays. 

To  explain  the  exterior  bow,  let  us  fuppofe  a 
ray  of  light  S s,  fi^.  13,  from  the  fun  falling  ob- 
liquely on  a drop  of  water  reprefented  by  the  cir- 
cle G d s ; inftead  of  continuing  in  it’s  original 
diredUon  to  a,  it  is  refradlcd  to  d,  from  whence  it 
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win  be  in  part  reflected  to  e ; falling  again  on  the 
concave  furtacc,  a part  will  be  again  refiedled  towards 
g,  inflead  of  g o,  where  it  will  pafs  into  the  air  again, 
and  be  refradhed  a fccond  time.  1 his  ray  of  light, 
like  the  preceding,  will  be  now  decompofed  ; the 
red,  which  is  the  Icaft  refrangible,  wdli  proceed  to 
O,  and  the  violet,  which  is  the  mod:  fo,  to  B. 
Now^  an  eye  Ikuated  at  O,  fo  as  to  receive  the  ray 
of  light,  which  having  been  twdee  refracted  and 
twice  refliedfed  by  the  drops  of  water,  makes  with 
the  folar  ray  an  angle  Sh  O of  50°  55',  w'ill  fee  the 
red  in  the  direction  O r ; if  the  eye  is  lowered  to 
B,  fo  that  the  angle  S h B is  54®  7',  it  will  perceive 
the  violet  ray  ; and  in  proceeding  from  O to  B,  all 
the  prifmatic  colours  fucceffively. 

It  has  been  found,  that  the  fmalleft  angle  un- 
der w hich  the  lead  refrangible  rays  can  come  to  the 
eye  after  two  reflections  is  50^7',  and  that  the 
fmalleft  angle  under  w'hich  the  mod  refrangible 
can  come  is  54“  7'.  HencC,  if  the  fun  were  a 
point,  the  diameter  of  the  exterior  bow  would  be 
io\  and  that  of  the  interior  bow  45',  and  the 
didance  betw^een  them  8«  55';  but  as  his  body  fub- 
tends  an  angle  of  32',  5'',  each  bow  wdll  be  incrcafed 
by  that  quantity,  and  their  reciprocal  didance  di- 
ininifhed. 

The  fame  effecds  would  take  place  if  the  eye 
of  the  obferver  was  fixed  at  O,  and  the  drop  of 
water  afeended  from  G to  H ; or  if  you  fuppofe 
this  fpace  filled  up  with  drops  of  water,  all  the 
prifmatic  colours  will  be  feen  at  the  fame  time,  the 
drops  between  G H driking  the  fenfe  w ith  the  in- 
termediate colours,  in  the  order  of  their  refran- 
gibility.  If,  as  in  the  preceding  cafe,  you  imagine 
a feries  of  fuch  drops  fituated  in  the  circumfe^ 
rcnce  of  a femicircic,  in  w'kofe  center  is  the  eye  of 
the  fpedator,  you  will  have  a fecond  Icmicircle,  en- 
riched with  feven  primitive  colours,  but  in  con- 
trary order  to  the  fird  bow.  Thus  there  will  be 
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formed  two  bows  of  colours,  an  interior  and 
ftronger  by  one  reflexion  in  the  drops,  and  an  ex- 
terior and  fainter  by  two  refledions,  the  light 
becoming  fainter  by  every  refleclion  : their  colours 
will  be  in  a contrary  order  to  each  other,  the  red 
of  both  bows  bordering  upon  the  fpace  which  is 
between  the  bows. 

What  has  been  here  only  fuppofed,  really  takes 
place  when  rain  falls;  fothat  when  the  rain  and  the 
fun  (with  regard  to  the  fpedator’s  horizon)  are  in 
oppofite  parts  of  the  heaven,  there  is  a fufficient 
number  of  drops  in  a proper  fituation  for  the  emer^ 
gent  rays  to  form  wdth  the  incident  rays  the  angles 
neceffary  to  produce  a rainbow.  Let  E,  F,  G,  H, 
jig,  II,  pL  7,  reprefent  drops  of  rain,  on  which  the 
folar  rays  S E,  S F,  S G,  S H,  are  incident ; thefe 
rays,  after  having  been  twice  reraded  at  E and 
F,  and  once  reflected,  fall  upon  the  eye  at  O. 
The  angle  S E O formed  by  the  incident  ray  S E, 
and  the  emergent  ray  EO  being  40°.!  7',  the  violet 
colour  wall  be  perceived  at  E ; the  angle  S F O, 
formed  in  the  fame  manner  by  the  incident  ray 
S F,  and  the  emergent  ray  FO,  being  ^2®  2',  the  red 
is  perceived  at  F ; the  drops  of  rain  between  T 
and  F fending  to  the  eye  the  neceffary  emergent 
ray  for  producing  the  intermediate  colours. 

Thus  alfo  the  rays  S G,  S H,  after  two  rc-, 
fradions  and  two  reflections,  are  alfo  direded  to- 
wards the  eye  placed  at  O.  The  angle  SGO, 
formed  by  the  incident  ray  SG,  and  the  emergent 
GO,  being  50®  57',  the  red  is  feen  at  G;  the  angle 
S H O,  formed  by  the  incident  ray  S H,  and  the 
emergent  ray  HO  being  54®  7',  the  violet  is  feen 
at  H ; the  other  drops  of  rain  which  ai^  between 
G and  H furniih  the  intermediate  colours.  The 
fame  may  be  faid  of  the  reft  of  the  drops  con- 
ftituting  the  two  femicircular  bands  A F B E, 
CHDG. 

This  may  be  illuftrated  by  experiment,  for  if 

the 
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the  rays  of  fall  on  the  furface  of  a glafs 
fphere  filled  with  wator,  they  will  be  refradted  to 
the  other  fide,  and  there  exhibit  a coloured  fpot  of 
refraded  light ; from  this  part  the  rays  will  be  re- 
fledled  to  another  part  of  the  lower  furface,  and 
there  be  refradfed  a fecond  time  into  the  air,  and 
dilated  into  all  tfie  different  coloured  rays,  fo  that 
if  a perfon’s  eye  w as  placed  under  fuch  a globe,  he 
would  obferve  all  the  different  colours  appear  in 
that  globe.  For  this  purpofe  here  is  a globe  filled 
with  water,  which  I fiiall  fufpend  in  a fiin-bearn^ 
at  fuch  a height  that  you  may  eafily  obferve  this 
phenomenon.  You  fee  it  now  receives  the  light 
on  the  upper  part,  refradls  it  from  the  lower  into 
all  it’s  different  coloured  rays,  forming  thereby  a 
circle  of  coloured  light  on  the  floor  much  refem- 
bling  the  rainbow.  Now  if  you  place  yourfelf  in 
fuch  manner,  refpe^ing  the  globe,  that  the  rays  of 
‘light  of  different  colours  may  fucceflively  fall  upon 
the  eye,  then  you  will  fee  all  thofe  colours  in 
the  globe  which  before  formed  the  variegated 
arch  upon  the  floor. 

This  is  a cafe  exadlly  fimilar  to  the  rainbow  ; 
for  if  this  globe  of  water  was  placed  in  the  hea- 
vens, it  is  evident  that  the  fun-beams  would  be 
refradled  through  it  as  they  are  here. 

To  illuftrate  the  nature  of  the  fecond  bqw,  wx 
mufl:  let  the  fun-beam  fall  upon  the  lower  part  to 
the  globe ; you  fee  plainly  the  coloured  fpot  be- 
hind to  which  it  is  refradled;  call  your  eye  on  the 
upper  part,  and  you  perceive  the  point  to  which  it 
is  reflcdled,  from  whence  it  is  a fecond  time  rc- 
flcdled  to  the  fore  part  of  the  globe  ; and  from 
thence  you  fee  it  a fecond  time  refradled  out  of 
the  globe  into,  the  air,  and  the  beam  thereby  dif- 
fipated  into  all  it’s  different  coloured  rays;  and 
you  fee  by  the  colours  on  the  floor,  that  the  feveral 
rays  in  the  beam  lie  in  a difterent  order  from  wlw.t 
they  did  when  refradled  from  the  globe  before  : 
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and  alfo  you  will  perceive,  that  the  colours  of  the 
beam  are  more  dilute  and  faint  than  they  were  in 
the  firfl  experiment. 

It  was  by  this  experiment  that  Antonio  de 
Dominis  undertook  to  explain  the  caufe  of  the 
rainbow.  Filling  a glafs  globe  with  water,  hung 
at  a certain  height,  oppofite  to  the  fun,  and  ftand- 
ing  himfelf  with  his  back  to  the  fun,  and  his  face 
to  the  globe,  he  found  that  when  this  was  in  fuch  a 
fituation  that  a ray  darting  from  the  fun  to  the 
globe  made  an  angle  with  another  ray  going  from 
his  eye  to  the  globe  of  42°  3',  he  found  the  globe 
appeared  red.  If  the  poiition  of  the  globe  was 
altered,  fo  as  to  make  the  angle  between  the  folar 
and  vifual  ray  lefs,  then  the  other  colours  of  the 
rainbow  arofe  from  red  down  to  violet,  which  ap- 
peared at  an  angle  of  4°  17'. 

You  will  now  be  able  to  account  for  all  the 
phenomena  of  the  rainbow ; it  appears  always  of 
the  fame  breadth,  becaufe  the  degrees  of  refrangi- 
bility  of  the  red  and  violet  rays  which  form  the 
extreme  rays  are  always  the  fame.  The  rainbow 
forms  a greater  or  fmaller  portion  of  a circle.  Our 
eye  is  a point  of  a cone,  and  the  rays  that  proceed 
from  it  at  the  above-mentioned  angles  form  the 
furface  of  the  cone;  the  coloured  circle  is  the  , 
bafe,  part  of  which  is  vifible,  while  the  earth  cuts 
olF  the  part  which  lies  above  the  horizon.  The 
portion  in  view  is  of  courfe  greater  or  fmaller,  as 
the  line  of  light  is  more  or  lefs  inclined  to  the  ho- 
rizon ; this  obliquity  increafes  in  proportion  to 
the  elevation  of  the  fun ; confequently  the  fizc  of 
the  bow  diminilhes  as  the  altitude  of  the  fun  in- 
creafes. To  make  this  plainer,  fuppofe  the  fpec- 
tator  on  the  top  of  a very  high  mountain,  and  the 
rain  falling  at  fome  little  diftance  from  him,  in- 
ftead  of  a femicircular  rainbow  he  would  then  fee 
a complete  ring  of  that  beautiful  meteor  ; a circle 
not  like  our  common  bow,  cut  oft  by  the  earth. 
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but  complete  and  beautiful ; and  fuch  is  ufually 
feen  from  the  American  Andes. 

From  hence  we  fee  why  there  is  no  rainbow, 
when  the  fun  is  above  a certain  altitude  ; the  co- 
nical furface  under  which  it  becomes  vifible  being 
below  the  horizon,  when  the  altitude  of  the  fun  is 
more  than  42  degrees  ; if  the  altitude  is  more  than 
42,  but  lefs  than  54,  the  exterior  bow  may  be  vi- 
lible,  though  the  interior  bow  isinvifible.  Some- 
times the  rain  does  not  occupy  a fpace  extenfivc 
enough  to  complete  the  bow,  only  a portion  of  an 
arch  will  in  fuch  cafes  be  vifible ; and  the  appear- 
ance of  this  portion,  and  even  the  bow  itfelf,  will 
be  various,  according  to  the  nature  of  the  lituatioa 
and  the  fpace  occupied  by  the  rain. 

Of  the  Separation  of  the  original  Rays  of 

Light,  by  Reflection  or  Transmission, 

BUT  DEPENDING  ON  THE  ThICKNESS  OF  THE 

Medium  upon  which  they  are  incident. 

The  foundation  of  a rational  theory  being 
laid,  it  next  became  natural  to  inquire  by  what 
peculiar  mechanifm  in  the  ftruc^ture  of  each  parti- 
cular body,  it  was  fitted  to  refled  one  kind  of  rays, 
more  than  another.  This  Sir  I.  Newton  attri- 
butes to  the  .denlity  of  thefe  bodies.  This  fubjed 
is  not  fo  clear  as  the  preceding;  the  prefent  theory 
fuggefts  many  doubts  to  every  inquifitive  mind, 
and  is  allowed  by  all  to  be  attended  with  difficul- 
ties. There  arc  no  optical  experiments,  however, 
in  which  Sir  I.  Newton  feems  to  have  taken  more 
pains,  than  thofe  relating  to  the  rings  of  colours 
which  appear  in  thin  plates y and  which  1 am  going 
to  explain  to  you  ; in  all  his  obfervations  and  in- 
veffigations  concerning  them,  he  difeovers  the 
greateft  fagacity,  both  as  aphilofopher  and  a ma- 
thematician. 

The  bubbles  which  children  blow  with  a mix- 
ture 
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ture  of  foap  and  water,  were  obf^rved  by  Dr.  Hooke 
to  exhibit  various  colours  according  to  their  thin- 
nefs,  and  that  when  they  have  a confiderable  de- 
gree of  thicknefs  they  appear  colourlefs  ; from 
this  the  prefent  theory  has  taken  it’s  rife.  It  is 
i^hus  that  things  overlooked  by  the  ncfl:  of  mankind, 
are  often  the  moft  fertile  in  fuggefting  hints  to- 
thofe  who  are  habituated  to  refledion. 

Sir  I.  Newton  blew  up  a large  bubble  from 
a Ilrong  mixture  of  foap  and  water,  and  fet  himfelf 
attentively  to  confider  the  different  changes  of 
colour  it  underwent,  from  it’s  enlargement  to  it’s, 
diffolution.  He  in  general  perceived  that  the 
thinner  the  plate  of  water  which  compofcd  the 
fides  of  the  bubble,  the  more  it  refleded  the  violet 
colour  ray ; and  that  in  proportion  as  the  fides  of 
the  bubble  were  more  thick  and  denfe,  the  more, 
they  refleded  the  red  : he  therefore  was  induced  to 
believe,  that  the  colours  of  all  bodies  proceeded 
from  the  thicknefs  and  denfity  of  the  little  tran- 
fparent  plates  of  which  they  are  compofed.  To 
bring  this  opinion  nearer  to  certainty,  it  was  ne- 
ceffary  to  meafure  the  thicknefs  of  the  plate  of 
water  which  compofed  the  bubble,  but  this  w^as  a 
matter  of  great  difficulty,  as  the  bubble  was  of  it-, 
felf  of  too  tranfient  a nature  to  undergo  the  necef- 
fary  experiments. 

Sir  Ifaac,  w^ho  was  ever  fertile  in  expedients, 
recolleded  having  obferved,  that  as  two  prifms 
were  compreffed  hard  together,  in  order  to  make 
their  fides  (which  happened  to  be  a little  convex) 
touch  one  another,  they  w^re  both  as  perfedly 
tranj'parent  in  the  place  of  contad  as  if  they  had 
been  but  one  piece  of  glafs  ; but  that  round  the 
point  of  contad,  where  the  glaffcs  were  a little 
feparated  from  each  other,  rings  of  different  colours 
appeared. 

To  obferve  more  accurately  the  order  oftheco--- 
lours  produced  in  this  manner,  he  placed  a glafs  lens, 

whofc 
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whofe  convexity  was  very  fmall,  upon  a plain  glafs. 
Now  it  is  evident,  that  thole  would  only  touch  aC 
one  particular  point ; and  therefore,  at  all  other 
places  between  the  adjacent  furfaces,  a thin  plate 
of  air  was  interpofed,  whofc  thicknefs  incrcafed  in 
a certain  ratio,  according  to  the  diftance  from  the 
point  of  contad:. 

He  prelTcd  thefe  glalTes  (lowly  together,  by 
which  means  the  colours  very  foon  emerged,  and 
appeared  dillind  to  a conliderabie  diftance  ; next 
to  the  pellucid  central  fpot  made  by  the  contad  of 
the  glafles,  fucceeded  blue,  yellow,  white,  yellovr 
and  red.  The  blue  was  very  little  in  quantity, 
nor  could  he  difeern  any  violet  in  it ; but  the 
yellow  and  red  were  very  copious,  extending  about 
as  far  as  the  white,  and  four  or  five  times  as  far  as 
the  blue.  The  next  circuit  immediately  furround- 
ing thefe  conlifted  of  violet,  blue,  gi-een,  yellow, 
and  red  ; all  thefe  were  very  copious  except  th« 
green,  which  was  very  little  in  quantity,  and 
feemed  more  faint  and  dilute  than  the  other  co- 
lours. The  third’  circle  of  colours  was  purple, 
blue,  green,  yellow,  and  red ; in  this  the  purple 
was  more  reddilh  than  the  violet  in  the  former 
circuit,  and  the  green  was  more  confpicuous,  being 
as  bright  and  copious  as  any  of  the  other  colours, 
except  the  yellow  ; the  red  was  alfo  fomewhat 
faded.  The  fourth  circle  confifted  of  green  and 
red  ; the  green  was  copious  and  lively,  inclining 
on  one  fide  to  blue,  on  the  other  to  yellow,  but 
there  was  neither  violet,  blue,  nor  yellow  ; and  the 
red  was  very  imperfedt  and  dirty.  Each  outer  cir- 
cuit or  ring  was  more  obfeure  than  thofe  within, 
like  the  circular  waves  upon  a difturbed  fheet  of 
water,  till  they  at  laft  ended  in  pcrfedl  whitenefs. 

As  the  colours  were  thus  found  to  vary  ac- 
cording to  the  different  diftances  of  the  glafs 
plates  from  each  other.  Sir  Ifaac  judged-that  they 
proceeded  from  the  different  thicknefs  of  the 

, plate 
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plate  of  air,  intercepted  between  the  glalTes ; and 
that  this  plate  was  by  the  mere  circumftance  of 
thinnefs  or  thicknefs  difpofed  to  refledl  or  tranfmit 
. this  or  that  particular  colour  • from  whence  he 
concluded,  as  before  obfcrved,  that  the  colours  of 
all  natural  bodies  depended  on  their  component 
particles.  He  alfo  conftrudled  a table,  wherein 
the  thicknefs  of  a plate,  necelTary  to  reflet  any  par- 
ticular colour,  was  exprelTed  in  parts  of  an  inch, 
divided  into  1,000,000  parts. 

The  appearance  of  thefe  circles,  when  the 
glalTes  were  moft  comprelTed,  fo  as  to  make  the 
black  fpot  appear  in  the  center,  is  delineated  Jig,  15, 
pi,  7,  where  a,  b,  c,  d,  e ; f,  g,  h,  i,  k ; 1,  m,  n,  o,  p; 
q,  r;  s,  t;  u,  X;  y,  z,  denote  the  colours  reckoned 
in  order  from  the  center,  viz.  black,  blue,  green, 
yellow,  red,  ourple^  blue,  green,  yellow,  red;  green, 
red  ; greenifri ' blue^  red  ; greeni'fh  blue,  reddillx 
white. 

I have  already  obferved  to  you,  that  the  thin 
plates,  made  ufe  of  in  the  former  experiments,  re- 
fledled  fome  kinds  of  rays  in  particular  parts,  and 
tranfmitted  others  in  the  fame  parts.  Hence  the 
coloured  rings  appeared  varioufly  difpofed,  ac- 
cording as  they  were  viewed  by  refleded  or  tranf- 
mitted light  ; that  is,  according  as  the  plates  were 
or  were  not  held  up  between  the  eye  and  the  win- 
dow. That  you  may  undcrliand  this  better,  here 
is  a table,  on  one  fide  of  which  are  mentioned  the 
colours  appearing  on  the  plates  by  refleded  light, 
and  on  the  other  thofe  which  were  perceived  when 
the  glalfes  were  held  between  the  eye  and  the 
window.  The  center,  when  the  glafles  were  in 
full  contad,  was  perfedly  tranfparent ; this  fpot 
therefore,  when  viewed  by  refleded  light,  ap- 
peared black,  becaufe  it  tranfmitted  all  the  rays  ; 
and  for  the  fame  reafon  it  appeared  whit^  when 
viewed  by  tranfmitted  light. 
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Colours  by  re  flexed  light. 

Black 

Blue 

White 

Yellow 

Red 

Violet 

Blue 

Green 

Yellow 

Red 

Purple 

Blue 

Green  ^ 

Yellow  C 
Red  3 
Green 
Red 

Greenilh-blue 

Red 


Colours  by  tranfjni tied  light 
White 

Yellowifli  Red 
Black 
Violet 
Blue 
White 
Yellow 
Red 
Violet 
Blue 
Green 
Yellow 

Red 

Bluidi  Green 
Red  % 

Bluifh-grcen 
Red 


In  comparing  the  rings  produced  by  tranf- 
mitted  with  thofe  produced  by  refledied  light,  the 
white  was  found  oppofed  to  the  black,  the  red  to 
the  blue,  the  yellow  to  the  violet,  and  the  green  to 
a colour  compofed  of  red  and  violet ; in  other 
words,  the  parts  of  the  glafs,  that  when  looked  at 
were  white,  appeared  black  on  looking  through  the 
glafs  ; and  on  the  contrary,  thofe  which  appeared 
black  in  the  firft  inftance,  appeared  white  in  the 
fecond;  and  fo  of  the  other  colours,  w hich  you  will 
more  readily  comprehend  by  confidering  this 
ligure,  w^here  A B,  CD,  jig.  17,  pL  7,  reprefent 
the  glalfcs  which  touch  at  E;  the  black  lines 
traced  between  them  are  the  diftances  between  the 
two  furfaces,  at  different  diffances  from  the  center, 
each  diffance  anfwering  to  a coloured  ring ; the 

colours 
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colours  written  above  are  thofe  feen  by  refledled 
light ; thofe  underneath,  are  the  colours  exhibited 
by  tranfmitted  light.  Newton  has  fhewn,  that 
the  rays  of  any  particular  colour  are  difpofed 
to  be  refled:ed>  when  the  thicknelTes  of  the 
plate  of  air  are  as  the  numbers  i,  3,  5,  7,  9,  ii, 
&c.  and  that  the  fame  rays  are  difpofed  to  be 
tranfmitted  at  the  intermediate  thicknelTes,  which 
are  as  the  numbers  o,  2,  4,  6,  8,  10,  &c. 

The  places  of  reflexion  or  tranfmiflion  of 
the  feveral  colours  in  a feries,  are  fo  near  each 
other,  that  the  colours  dilute  each  other  by  mix- 
ture ; whence  the  number  of  feries,  in  the  open 
day-light,  fcldom  exceeds  7 or  8.  But  if  the  fyf- 
tem , be  viewed  through  a prifm,  by  which  means 
the  rings  of  various  colours  are  feparated,  accord- 
ing to  their  refrangibility,  they  may  be  feen  on 
that  fide  towards  which  the  refradtion  is  made,  fo 
numerous  that  it  is  impolTible  to  count  them. 
Or,  if  in  a dark  chamber  the  fun’s  light  be  fe- 
parated into  it’s  original  rays,  by  a prifm,  and  a 
ray  of  one  uncompounded  colour  be  received 
upon  the  two  glalTes,  the  number  of  circles  will 
become  very  numerous,  and  both  the  refledled  and 
tranfmitted  light  will  remain  of  the  fame  co- 
lour as  the  original  incident  ray.  This  experiment 
Ihews,  that  in  any  feries,  the  circles  formed  by  the 
lefs  refrangible  rays  exceed,  in  magnitude,  thofe 
which  are  formed  by  the  more  refrangible ; and, 
confequently,  that  in  any  feries,  the  more  refran- 
gible rays  are  refledled  at  lefs  thicknelTes  than 
thofe  which  are  lefs  refrangible. 

Water  applied  to  the  edges  of  the  glafs,  is 
attraded  between  them  ; and,  filling  all  the  in- 
tercedent  fpace,  becomes  a thin  plate  of  the 
fame  dimenfions  as  that  which  before  was  con- 
ftituted  of  air:  in  this  cale,  the  circular  rings 
grew  lefs,  and  the  colours  were  fainter,  but 
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not  varied  in  fpecies.  They  were  contradled  in 
diameter,  nearly  in  proportion  of  7 to  8,  and 
confequentlyj  the  intervals  of  the  glaffes,  at  limilar 
circles,  as  caufed  by  thefe  two  mediums,  are  as 
about  3 to  4 ; that  is,  as  the  lines  of  refradlion 
out  of  water  into  air. 

I have  already  mentioned  to  you  the  variety 
of  colours  produced  by  bubbles  blown  in  foap— 
water  : but,  as  thefe  colours  are  commonly  too 
much  agitated  by  the  external  air  to  admit  of 
any  certain  obfervation,  it  is  necelTary  to  cover 
the  bubble  with  a clear  glafs,*  in  which  lituation 
you  will  find  the  following  appearances  : the  co- 
lours'‘emerge  from  the  top  of  the  bubble,  and 
as  it  grows  thinner,  by  the  fubfidence  of  the 
water,  they  dilate  into  rings  parallel  to  the  ho- 
rizon, which  defeend  Howdy,  and  vanilh  fucceflively, 
at  the  bottom.  This  emergence  continues  till 
the  water  at  the  upper  part  of  the  bubble  be- 
comes too  thin  to  refled  the  light,  at  which 
time,  a circle  of  an  intenfe  blackncfs  appears  at 
the  top,  which  flowdy  dilates,  fometimes  to  three 
quarters  of  an  inch  in  breadth,  before  the  bubble 
breaks.  Reckoning  from  the  black  central  fpot, 
the  refleded  colours  are  the  fame,  in  fucceflion 
and  quality,  as  thofe  pfT)duccd  by  the  afore- 
mentioned plate  of  air;  and  the  appearance  of 
the  bubble,  if  viewed  by  tranfmitted  light,  is 
fimilar  to  that  of  the  plate  of  air,  in  like  circum- 
llances. 

Take  very  thin  plates  of  talc,  or  Mufeovy 
glafs,  that  exhibit  thefe  colours ; then,  by  wxttino- 
the  plates,  the  colours  remain  as  before,  but  be- 
come more  faint  and  languid,  efpec-ially  when 
wetted  on  the  under  fide.  So  that  the  thicknefs 
of  any  plate,  requifite  to  produce  any  colour, 

, feems 

• Nicholfon's  Introdufllon  to  Philofophy,  vol,  i.  p,  283, 


400  Lectures  on  Natural  Philosorhy* 

feems  to  depend  only  on  the  denfity  of  the  plate, 
not  on  the  denlity  of  the  inclofing  medium.  But 
the  Colours  are  more  vivid,  as  their  denfities  are 
different. 

If  two  pieces  of  plate-glafs,  or  even  common 
glafs,  be  previoufly  wiped,  and  then  rubbed  to- 
gether, they  will  foon  adhere,  with  a confider- 
able  degree  of  force,  and  exhibit  various  ranges 
of  colours,  much  broader  than  thofe  obtained  by 
lenfes.  One  of  the  moft  remarkable  circumftances 
attending  this  method  of  making  the  experiment, 
is  the  facility  with  which  the  colours  may  be 
removed,  or  even'  made  to  difappear,  by  heats 
too  low  to  feparate  the  glalfes.  A touch  of  the 
finger  immediately  caufes  the  irregular  rings  of 
colours  to  contract  towards  their  center,  in  the 
part  touched. 

From  thefe  experiments  it  appears  plain, 
that  the  colours  of  bodies  depend,  in  fome  de- 
gree, upon  the  thicknefs  and  denfity  of  the  par- 
ticles that  compofe  them. 

Hence,  if  the  denfity,  or  fize  of  the  parti- 
cles, in  the  furface  of  a body,  be  changed,  the 
colour  is  likewife  changed. 

When  the  thicknefs  of  the  particles  of  a body 
is  fuch,  that  one  fort  of  light,  or  one  fort  of 
colour,  is  reflected ; another  light,  or  other  co- 
lours, will  be  tranfmitted  ; and  therefore,  the  body 
will  appear  of  the  firft  colour. 

A certain  determinate  thicknefs  feems  to  be 
neceflary  in  a plate  of  water ; for  example,  in 
order  to  reflecl:  a particular  colour,  and  a different 
thicknefs,  to  make  it  reflecl  any  other  colour  ; 
and,  in  general,  that  a lefs  thicknefs  is  neceffary, 
to  reflect  the  mofl:  refrangible  rays,  as  violet  and 
indigo,  than  thofe  which  arc  Icaft  refrangible,  as 
red  and  orange. 


The 
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The  particles  of  bodies  rcfledl  rays  of  one 
colour,  and  tranfmit  thofc  of  another:  and  this 
is  the  ground  of  all  their  colours. 

Of  the  transient  State  into  which  a Ray  of 
Light  is  put,  in  it’s  Passage  through  any 
Refracting  Surface,  which,  in  the  Progress 
OF  the  Ray,  returns  at  equal  Intervals  ; 
AND  disposes  THE  RaY,  AT  EVERY  ReTURN,  TO 
BE  TRANSMITTED,  AND  BETWEEN  THE  ReTURNS, 
TO  BE  REFLECTED  TO  IT. 

In  order  to  account  for  the  intervals  of  the 
coloured  rings  in  thefe  thin  plates,  and  alfo  all 
other  cafes  of  the  refiedion  or  traiifniifiion  of 
light,-  Sir  Ifaac  Iscwton  advances  an  hypcthcfis  ; 
but,  like  a "wife  man,  and  cautious  pliilofopher, 
he  profefTes  not  to  lay  much  flrcfs  upon  it,  though 
he  feems  not  to  entertain  any  fufpicion  of  it’s 
truth.  Indeed,  it  feems  to  be  a kind  of  fair  ini 
fercnce  from  the  preceding  experiments. 

7 he  hypothehs  is  this : that  every  ray  of  light 
is,  at  it  s full  cmifTion  from  the  luminous  body, 
put  into  a trajijicnt  Jhiic  or  conftitution,  which,  in 
It’s  progrefs,  returns  at  equal  Hitcrvals,  difpcfing 
It,  at  every  return,  to  be  eafily  tranfmitted  into 
any  rcfrading  furface  it  may  meet  with  ; whereas 
in  the  intervals  betw'een  thefe  returns,  it  is  dif- 
pofed  to  be  eafily  refleded ; fo  that,  upon  the 
arrival  of  a number  of  rays  of  light  at  the  fur- 
tacc  of  every  medium,  thofc  of  tliem  in  which 
they  were  difpofcd  to  be  tranfmitted  eafily,  would 
pafs  the  interval  between  the  two  mediums;  and  . 
th^e  w'hich  were  in  a contrary  date,  would  be  rc- 
neded  ; on  ^yhich  account,  fomc  light  is  generally 
reneded,  and  fomc  tranfmitted,  at  every  different 
furface  on  which  it  falls.  Thofc  dates,  inro  which 
the  rays  of  light  arc  put,  he  calls  fas  of  e a fy  re^ 
flexion  and  tranftniffion,  ^ 
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This  hypothefis  is  not  without  diffi-eultics^ 
and  mufl,  therefore,  be  received  with  cauti-on, 
as  it  was  propofed,  till  it  fliall  be  either  confirmed 
or  confuted  by  experiment,  and  a new  theory  fub- 
flituted  in  it’s  place. 

When  arrived,  as  it  were,  at  the  confines  of 
material  naturey  you  muft  expedt  to  meet  wdth 
fome  conlulio-n  and  darknefs  in  our  explanations. 
There  are  barriers  to  our  knowledge,  whi-ch  cannot 
be  palled  by  any  force  of  human  faculties.  Sir 
Ifaac  Newton,  the  legillator  of  philofophers,  ex-' 
preffed,  under  the  form  of  conjedlures  or  quef- 
tions,  thofc  things  which  he  was  unable  fatisfac- 
forily  to  refolve  ; avoiding  rafli  alTertions,  whicli 
are  fo  fondly  taken  up  by  thofe  wdio  w ifn  to  fcduce 
mankind. 

He  conjedlured,  that  tnefc  fits  of  eafy  reflec- 
tion and  tranfmilFion  may  be  occalioned  by  the 
vibrations  of  a fuliil  fluid,  in  which  the  ray 
pafTes  ; any  ray  being  difpofed  to  be  tranfmitted 
when  the  vibration  coincides  with  it,  and  to  be 
refledfed  wTen  it  is  thereby  counteracted. 

He  alfo  thouGrht  that  thefe  vibrations  mi^ht 

O ^ O 

be  excited  by  the  mutual  adtion  and  rc-adtion  of 
light  of  bodies,  and  of  this  medium,  at  the  infiant 
‘of  refraedion  and  refiedtion. 

Sir  Ifaac,  therefore,  fuppofed  t^xo  caufes  of 
this  difpofition  to  be  reheeded  or  tranfmitted, 
when  rays  of  light  arrive  at  any  new  fiirface.  One 
of  them  is  the  regular  vibration  of  the  ctherial 
medium,  afledting  them  through  the  whole  of 
their  prorrefs  from  the  luminous  body;  and  the 

j O , , ' , 

other  the  tremulous  motion,  or  irregular  vibra- 
tion of  the  fame  medium,  at  the  furfaces  of  bodies, 
occalioned  by  the  adfion  and  re-adlion  between 
-thofe  bodies  and  light. 

Thus,  as  Hones,  by  falling  into  water,  put  the 
water  into  an  undulating  motion;  and  all  bodies. 


Of  Permanent  Colours.  4O3 

by  pcrcufbon,  cxcitc  vibrations  in  the  air  ; To  the 
rays  of  light,  by  impinging  on  any  reha^^ing  or 
retic(5ling  furfacc,  excite  vibrations  in  the  retra-b- 
ing  or  reflecting  medium,  and  by  exciting  thefe, 
agitate  the  Iblid  parts  ot  the  refracting  or  refledb- 
in<^  body  ; and  that  the  vibrations  thus  excited 
in^^this  fubtil  refradling  or  reflecting  mediuin 
are  propagated  much  after  the  manner  that  vi- 
brations are  propagated  in  the  air,  caufing  found, 
and  moving  fujier  than  the  rays,  lo  as  to  overtake 
them  ; and  that  when  any  ray  is  in  that  part  of 
the  vibration  which  confpires  with  it  s motion, 
it  eafily  breaks  through  a refraCbing  furface  ; 
but  when  it  is  in  the  contrary  part  of  the  vibra- 
tion which  impedes  it!s  motion,  it  is  eafily  re- 
flected ; and,  by  confequence,  that  every  ray  is 
fucceflively  difpofed  to  be  eafily  reflected,  or  eafily 
tranfmitted  by  every  vibration  by  which  it  is  over- 
taken. 

Of  the  Permanent  Colours  of  Natural  Bo- 
dies, AND  OF  THE  AnALOGY  BETWEEN  THEM  AND 
THE  Colours  of  thin  Transparent  Plates. 

You  have  already  feen,  that  the  colours  of 
natural  bodies  confift  in  a difpofition  to  reflect 
one  fort  of  rays  more  copioufly  than  another  ; and 
that  other  bodies  are  of  a dilferent  colour,  be- 
caufe  they  reflect  rays  of  a difl'erent  kind.  So' 
that  if  light  confifted  only  of  one  kind  of  rays, 
there  could  be  only  one  colour  in  the  w’orid; 
nor  would  it  be  pofTible,  by  refractions  and  re- 
flections, to  produce  a new  one.  Thus,  in  forne 
bodies,  all  the  rays  are  crtinguiflied  but  the  red- 
making,  and  wTen  they  arc  reflecSted  to  our  eyes, 
they  excite  in  us  the  idea  of  red;  and  thence  we 
fay,  that  fuch  a piece  of  cloth,  &c.  is  red;  at- 
tributing that  only  to  the  cloth  or  wood,  which 
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jnore  particularly  arifes  from  the  light  which 
drdfes  them  in  their  various  beauty.  Thus  the 
ruby  abforbs  the  green,  the  blue,  and  the  violet ; but 
refleds  the  red-making  rays  to  our  eye,  with  all 
their  prifrnatic  lullre.  The  amethyft  imbibes  the 
flronger  rays,  and  gives  back  the  violet  with  milder 
brightnefs.  The  jonquil  gives  us  only  yellow, 
and  the  hyacinth  it^s  vivid  blue.  Every  coloured 
objed  may  be  thus  regarded  as  a partial  divider 
of  the  rays,  feparating  one  or  more  colours,  aixi 
confounding  all  the  relh 

Thofe  furfaces  of  tranfparent  bodies,  which 
have  the  greateft  refradling  power,  reflect  the 
greateft  quantity  of  light.  In  other  words,  bo- 
dies, by  which  the  light  is  more  refraded,  do 
likewife  more  ftrongly  refled  it.  Diamonds,  ' hich 
refrad  the  light  very  ftrongly,  give  it,  in  propor- 
tion, a flronger  refledion  i hence  proceed  the 
vivacity  of  their  colours,  and  their  fparkling 
luftre. 

The  analogy  between  refradion  and  reflec- 
fion  will  appear,  by  confidcring  that  the  moft 
refradive  medium  totally  refleds  the  rays  of 
light,  at  certain  degrees  of  incidence.  But  the 
truth  of  the  propohtion  further  appears,  by  ob- 
ferving  the  tranfparcrit  bodies,  fuch  as  air,  water/ 
oil,  glafa.  Ifland  cryflal,  white  tranfparent  arfe- 
nic,  and  diamond,  have  a flronger  or  weaker  re- 
Hedion,  according  to  the  greater  or  lefs  refrac- 
tive powers  of  the  mediums  that  arc  contiguous 
V to  them.  Thus  at  the  confine  of  air  and  fal  gem, 
it  is  flronger  than  at  the  confine  of  air  and  water; 
and  flill  flronger  between  common  air  and  glafs 
ftill  more  fo  between  air  *mid  a diamond.  If  any 
of  thefe  be  immerfed  in  water,  it’s  refledion  be- 
comes weaker  than  before;  and  it  is  weaker  ftill, 
if  it  be  immCrfcd  in  liquors  of  a greater  refrac- 
tive power.  If  water  be  divided  into  two  parts, 
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by  any  imaginary  fiirface,  there  is  no  refleiflion  at 
the  confines  of  thofe  two  parts;  and  for  the  fame 
reafon,  there  can  be  no  fenfible  refleclion  in  the 
confine  of  two  glafles  of  equal  denfity.  The  rea- 
fon,  therefore,  why  all  pellucid  mediums  have 
no  fenfible  refledlion  but  at  their  external  furfaccs, 
where  they  are  contiguous  to  mediums  of  dif- 
ferent denfities,  is,  that  their  contiguous  parts 
havcprccifely  the  fame  degree  of  denfity. 

The  leaji  parts  of  all  bodies y though  fcemingly 
void  of  tranfparency,  when  viewed  in  the  grofs, 
will  be  found,  if  taken  feparately,  to  be,  in  fome 
meafurc,  tranfparent : and  the  opacity  arifes  from 
the  multitude  of  reflefrions  caufed  in  their  internal 
parts.  This  obfervation  will  be  eafily  granted  by 
thofe  who  have  been  converfant  wdth  microfeopes; 
for  there  they  are  found  to  be,  for  the  moft  part, 
tranfparent.  Nothing  feems  more  opake,  and  free 
froin  tranfparency,  than  the  cloaths  you  wear. 
Yet  let  us  only  examine  one  of  the  W'oollen' hairs 
that  go  into  it’s  compofition,  with  a microfeope, 
and  you  will  find  it  to  be  nearly  tranfparent.  Gold, 
in  the  mafs,  lets  no  light  pafs  through  it ; but  if 
beaten  out  extremely  thin,  we  .fiiall  then  fee  that 
it’s  parts  are  tranfparent,  like  other  bodies.  If 
held  over  a hole,  in  a darkened  window,  it  will 
appear  of  a greenifii  hue.  If  gold  be  compofed 
ot  tranfparent  parts,  w'e  may  furely  conclude  the 
fame  of  other  bodies  : and,  indeed,  you  will  find 
very  few'  which,  if  reduced  to  fufiicient  thmiicfs, 
and  applied  to  the  hole,  but  what  arc  manifefily 
tranfparent. 

Since  light  finds  a free  pafilige  through  the 
leafi:  particles,  we  arc  to  inquire  wdiat  renders  them 
opake  ; and  this,  by  Sir  Ifaac  Newton,  is  attri- 
buted to  the  multitude  of  refleefions  and  refrac- 
tions which  take  place  in  it’s  interior  parts;  there 
being,  between  the  parts  of  opake  or  coloured 
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bodies,  a number  of  fpaces,  filled  with  mediums 
of  a different  denfity  from  that  of  the  body,  as 
water  between  the  tinging  corpufcles  with  which 
any  liquor  is  impregnated  ; air  between  the  aque- 
ous globules  that  conftitute  clouds  and  miffs,  &c. 
Thefe  fpaces  cannot  be  traverfed  by  light,  without 
refracting  or  rcfiebting  it  in  various  ways,  by 
which  it  is  prevented  from  pafling  on  in  a ffrait 
lin::,  which  it  would  do  if  the  parts  were  con- 
tinuous, without  any  fuch  interftices  between 
them ; for  you  have  already  learned,  that  reflec- 
tions ate  only  made  at  the  fuperficies  of  mediums 
of  different  denfities.  The  opacity  of  bodies 
arifes,  therefore,  from  the  difeontinuity  of  it’s 
particles,  and  the  difierent  denfity  of  the  interven- 
ing mediums,  and  their  particles. 

This  notion  of  opacity  is  greatly  confirmed 
by  confidering,  that  opake  bodies  become  tranf- 
parent  by  filling  up  the  pores  with  any  fubffance 
of  nearly  the  fame  denfity  with  their  parts.  Thus 
when  paper  is  wet  with  oil  or  \iater,  or  when 
linen  cloth  is  dipped  in  water,  oiled,  or  varnifhtd, 
or  the  ocuiLis  mundi  Ifeeped  in  water,  &c.  they 
become  more  tranfparent  than  they  were  before  : 
as  filling  the  pores  df  an  opake  body  makes  it 
tranfparent,  fo,  on  the  other  hand,  evacuating  the 
pores  of  a tranfparent  body,  or  feparating  it’s 
parts,  renders  it  opake  ; as  falts,  or  wet  paper, 
by  being  dried  ; horn,  by  being  feraped  ; glafs, 
by  being  reduced  to  powder,  or  otherwife  flawed  ; 
turpentine,  by  being  ffirred  about  with  water,  till 
they  mix  imperfectly;  and  water,  by  being  formed 
into  many  fmall  bubbles,  either  in  the  form  of 
froth,  or,  by  fhaking  it  together  with  oil  of  tur- 
pentine, or  feme  other  convenient  liquor,  with 
which  it  will  not  incorporate. 

Hence,  then,  it  is  in  homogeneity  you  are  to 
feek  for  the  caufe  of  tranfparency.  If  there  be 

' many 
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iTiany  -pores  in  a body,  and  thcfe  be  filled  with 
matter  differing  much  in  denlity  from  the  body- 
itfelf,  the  light  will  meet  with  a thoufand  refrac- 
tions and  reriedfions  in  the  internal  parts,  and  will 
thus  be  utterly  extinguilhed. 

I'he  parts  of  bodies,  and  their  interftices, 
muff  not  be  lefs  than  fomc  .definite  fize,  to  be- 
come opake  and  coloured. 

For  the  mod:  opake  bodies,  if  their  parts  be 
fu fficiently  divided,  as  metals,  by  being  diffo’lved 
in  acid  rienftrua,  &c.  become  perfectly  tranf- 
parent.  And  you  may  remember,  that  the  black 
foot,  near  the  point  of  contadl  of  the  two  plates 
of  glafs,  tranfmitted  the  whole  light  where  the 
g-lalles  did  not  abfolutely  touch ; and  the  rededlion 
at  the  thinned:  part  of  the  foap  was  fo  infenfible 
to  make  that  part  appear  intenfely  black,  by 
the  want  of  reflected  light. 

On  thefc  grounds  it  is,  that  water,  fait,  glafs, 
ffones,  &c.  are  tranfparent,  for,  from  many  con- 
(iderations,  they  feem  to  be  as  full  of  pores  as 
other  'bodies  are,  yet  their  particles  and  pores 
are  too  fmail  to  caufe  reflcdlion  in  their  common 
furfaces. 

The  tranfparent  parts  of  bodies,  according 
to  their  fcveral  dzes,  muff  redcdl  rays  of  one  co- 
lour, and  tranfmit  thofe  of  others,  on  the  fame 
principles  that  thin  plates  or  bubbles  do  reliedt  or 
tranfmit  thefe  rays;  and  this  feems  to  be  the  ground 
of  all  their  colours. 

That  they  do  fo,  is  plain  from  various  obfer- 
vations  ; and  it  is  on  thefe  principles  you  may 
explain  the  variety  of  colours  feen  in  feme  hlks, 
on  pigeons’  necks,  peacocks’  tails,  and  the  fea- 
thers of  other  finely  coloured  birds.  If  you  fix 
your  eye  upon  a pigeon’s  neck,  and  both  be 
kept  at  red:,  only  one  colour  is  obfervable;  but 
if  cither  moves,  cfpccially  the  latter,  a different 
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colour  iTivay  be  fecn.  Shady  filks  arc  wo^^n,  with 
threads  of  ditTercnt  colours;  one  arranged  lono-i, 
tudinally,,  the  other  tranfverfely ; and  as  the  greater 
or  lefs  proportion  of  cither  of  thefe  appears,  fo 
one  or  the  other  of  the  colours  will  prevail.  Wet 
thefe  double  coloured  objects,  dip  the  variegated 
feather  in  w^ater,  or  the  changeable  filk  in  oil,  their 
reflections  will  be  lefs  vivid,  and  they  will  return 
but  one  uniform  lhade  of  colouring.  The  flein  of 
the  camclion  iii  transparent,  it’s  ground  being  be- 
tween a pale  red  and  yellow,  coloured  wdth  a number 
of  fmall,  fmooth'  protuberances  of  cold,  bluilh 
colour.  It  is  endowed  with  a faculty  of  blow'ing 
up  or  contracting  it’s  Ikin  at  wdll.  This  Caufes 
the  different  colours,  in  appearance,  to  vary  : it, 
thcreiorc,  fometimes  appears  reddifh,  at  others, 
blue,:  the  yellow^  rays  of  the  ground,  occafionally 
mixing  with  the  blue  of  the  protuberances,  pro- 
duces the  idea  of  green  ; and  wdicn  placed  on  a red 
oiv  ytllow  fubflance,  it’s  natural  colours  are  un- 
avoidably heightened. 

It  is  evident,  from  various  phenomena,  that 
a great  proportion  of  the  fainter  coloured  rays 
arc  flopped  in  their  paffage  through  the  atmo- 
fphere, and  are  thence  reflcdled  upon  other  bodies; 
while  the  red  and  orange  rays  are  tranfmitted  to 
gfeater  diflqnces.  This  circumftance  explains  the 
blue  fliadows  of  bodies,  the  blue  colour  of  the 
Ihy,  and  the  red  colour  of  the  clouds,  when  the 
fun  is  near  the  horizon. 

At  certain  times,  w'hen  the  fky  is  clear  and 
ferene,  in  the  morning  and  the  evening,  the  flia- 
dows calf  from  opake  bodies  have  been  obferved 
to  be  tinged  with  blue  and  green.  This  circum- 
flance  naturally  rcfults  from  the  minute  particles 
of  the  atrnofphere  reflecting  the  delicate  and  moft 
refrangible  rays,  the  blue  and  violet,  ior  inftance  ; 
which  occafioiis  a predominance  of  thefe  colours. 

The 
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The  blue  colour  of  the  fky  is  accounted  for 
on  the  fime  principles;  namely,  the  copious  re- 
tiedion  of  the  blue  rays,  by  the  atinofphere,  which 
produces  the  etrecl  of  an  arch  cf  that  colour,  all 
around  us.  This  is  occafionally  divcrfified  by  the 
vapours’  greater  denfity,  which  refl.ed  the  Wronger 
rays. 

The  coloured  clouds,  in  particular,  which  ap- 
pear towards  the  morning  and  evening,  when  the 
fun  is  in  or  near  the  horizon,  are  to  be  attri- 
buted to  the  fame  caufe.  The  rays  of  light  tra- 
verfing  a vafl;  extent  of  atmofphere  ; the  fainter 
and  more  delicate  rays,  as  the  blue  and  violet,  are 
detached  by  repeated  reflcdions  of  the  atmofphc- 
ric  particles  ; and  the  Wronger  rays,  as  the  red, 
the  orange,  ike.  are  permitted  to  proceed,  and 
reach  the  clouds,  from  whence  they  are  refleded. 
Agreeable  to  this  theory,  you  may  obferve,  that 
the  fun’s  horizontal  light  is  fometimes  fo  deeply 
tinclured  with  the  red,  that  objeds  illuminated 
by  it  frequently  appear  of  a bright  orange,  and 
even  red.  It  is  obfervable,  that  the  clouds  do 
not,  in  common,  alTume  their  brighter  dyes  till 
the  fun  is  fome  minutes  fet,  and  that  they  pafs 
from  yellow  to  a flaming  gold  colour;  and  thence, 
by  degrees,  to  red,  which  becomes  deeper  and 
deeper,  till  the  fun  leaves  them  altogether,  till  at 
length  the  difappearance  of  the  fun  leaves  them 
of  a leaden  hue,  by  the  refledion  of  the  blue 
light  from  the  air.  A fimilar  change  of  colour 
is  obferved  on  the  fnowy  tops  of  the  Alps  ; and  the 
fame  may  be  leen,  though  lefs  flrongly,on  the  eaflern 
and  weflern  fronts  of  white  buildings;  St.  Paul’s 
church,  London,  is  a good  objed  of  this  kind, 
and  ‘is  often,  at  fun-fet,  tinged  with  a confider- 
able  degree  of  rednefs.  What  makes  the  fame 
colours  more  rich  and  copious  in  the  clouds,  is 
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Pneir  fcini-rranfparcncy,  joined  with  the  obliquity 
of  their  fituation. 

It  is  probably  the  fame  coloured  lights  which 
being  throwig  by  the  refraction  of  the  atmofphere, 
into  the  iliadow  of  the  earth,  fometimes  gives 
the  moon,  in  a total  eclipfe,  the  ohfciire,  reddifn 
colour  of  brick.'  I’or  the  fame  reafon,  the  colour 
of  the  moon  will  vary  in  eclipfcs,  according  to 
the  extent  of  the  atmofphere  the  rays  have  to 

traverfe, 

/ 

Mr.  Delavai/s  Account  of  the  Permanent 
Colours  of  Opake  Bodies. 

\ 

I fliould  leave  this  fubjecl  very  incomplete,  if 
I did  not  give  you  fome  account  of  the  ingenious 
obfervations  of  Mr.  Delaval,  extradted  from  a 
paper  communicated  by  him  to  the  Literary  and 
Philofophical  Society  of  Manchefler,  and  publiflicd 
in  the  fecond  volume  of  their  memoirs.* 

Mr.  Delaval  was  led  to  this  fubjedi:,  from  a 
periiiaiion  of  it’s  utility  to  thofe  intcrelhing  and 
elegant  arts,  v hofe  objedt  is  the  preparation  and 
nfe  of  colouring  fublumccfs : jufHy  obferving,  that 
our  views  of  experimental  philofophy  Brould  not 
be  confined  to  theory  alone,  but  diredkd  alfo  tq 
it’s  pradtical  application. 

For,  in  proportion  as  the  principles  of  any 
fcience  are  tinknovvn  or  mifconccived,  the  advance- 
ment of  the  arts,  and  mantifadhires  which  depend 
or  them,  mult,  of  courfe,  be  impeded;  for, 
without  thofe  guides,  neither  much  addition,  nor 
any  improvement,  is  to  be  expeded.  But  when 
icientilic  principles  arc  difciolcd  to  the  artifl,  he 

is 

'ITiCre  is  ancllicr  woik  of  Mr.  Dcl-ival.  written  previous 
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is  enabled  to  draw,  from  thofe  original  fources, 
an  ample  Pore  of  iifcfid  inventions,  by  which 
this  art  is  enriched  ; and  thus,  the  fpeculative 
fciences,  by  their  extenfion  to  practical  purpofes, 
become  objects  of  great  public  utility. 

The  arts  of  colour-making  and  dyeing  were, 
in  very  remote  ages,  carried  to  the  height  of  perfec- 
tion, in  the  countries  of  Phoenicia,  Egypt,  Paleftine, 
India,  &c.  The  inhabitants  of  thofe  countries  ex- 
celled, alfo,  in  the  art  of  imitating  gems,  and 
tinging  glafs  and  enamel  of  various  colours. 
The  colours  ufed  in  very  ancient  paintings,  were 
as  various  as  thofe  now  in  Life,  and  greatly  fupe- 
rior  both  in  beauty  and  durability.  The  paints 
ufed  by  Apelles  w ere  fo  bright,  that  he  was  obliged 
to  glaze  his  pibliires  with  a dark  coloured  varniPi, 
left  the  eye  ftiould  be  offended  by  their  brightnefs  : 
and  even  thefe  were  inferior  to  wff at  had  been  ufed 
among  the  ancient  Egyptians.  Notwdthftanding 
this  perfedlion  in  dyeing  and  colours,  v/e  find  the 
Grecians  and  Romans  continually  degrading  the 
iifeful  arts.  You  may  confider  this  as  one  of  the 
moft  ftriking  charadters  that  diftinguifli  the  phi- 
lofophy  of  the  ancients  from  that  of  the  moderns. 
The  andents  being  chiefly  engaged  in  fpeculations, 
that  might  procure  them  refpeCt,  and  attraCl  ap- 
plaufe,  thought  the  ujeful  arts  unworthy  their  at- 
tention : whereas  the  moderns  have  cultivated  and 
promoted  the  ufeiul  arts;  and  v\e  And,  the  Aca- 
demy of  Sciences  of  Paris,  attempting  to  {bed 
the  light  of  fcience  upon  the  arts,  by  publiftiino-  a 
defeription  of  them,  grounded  on  the  elevated 
idea,  that  the  induftry  of  a nation  cannot  fail  to 

led  and  incrcafed  by  a free  communi- 
cation of  all  the  prcceftes  it  ufes  ; and  that  the 
facri rices  it  makes,  by  this  publicity,  will  ever  be 
amply  compenflited  by  the  advantages  it  p^rocures.* 

But 
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Blit  why  need  we  go  to  academies,  wlien  we  have 
a fairer  and  better  example  in  our  Lord  and  Sa- 
viour ? an  example  which  fhould  teach  yon  to 
avoid  the  phiiofophical  pride  of  the  gentile,  and 
the  pharifaical  felf-fujjiciency  of  the  modern  in- 
fidel. Of  our  Saviour  we  read,  that  having  in - 
creafed  in  wifdom,  he  went  about  doing  good. 
His  learning  produced  not  a morofe  felf-compla- 
cency,  but  a lovely  affability,  and  a defire  to  teaclf 
others  the  glad  tidings  of  joy.  The  rreafujtes  of 
wifdom  were  not  fulfcrcd  to  ruff  and  canker, 
locked  up  from  the  public  by  a fupercilious  re- 
fervednefs ; but  out  of  them  he  continually  dif- 
perfed  abroad,  .and  gave  to  the  poor  in  fpiidt. 
The  fun,  at  it’s  rifmg,  found  him  engaged  in  this 
s^reat  work  ; and  after  it  was  fet,  his  time  was  cn- 

ir>  ' ^ 

gaged  in  praying  for  thofe  whom  his  days  were  em- 
ployed in  teaching. 

The  changes  of  colour,  in  permanently  co- 
loured bodies,  are  produced  by  the  fame  laws 
which  take  place  in  tranfparent  colourlefs  fub- 
ifances ; and  the  experiments,  by  which  they  can 
be  inveifigated,  confilf  of  various  methods  of  unit- 
ing the  colouring  particles  into  larger,  or  dividing 
them  into  fmalicr  maiTes. 

’’  Si'r  I.  Ne-ivion  made  his  experiments  chiefly 
on  tranfparent  fubflances ; and  in  the  few  places 
where  he  treats  of  others,  acknowledges  his  defl- 
'ricncy  of  experiments.  He  makes  the  following 
remark  on  thofe  bodies  which  refled  one 
kind  of  light,  and  tranfmit  another;  viz. 
that  if  thefe  glaflcs  or  liquors  were  fo  thick 
and  mafly,  tliat  no  light  could  get  through 
them,  he  qiieifions  whether  they  would  not, 
like  other  opake  bodies,  appear  of  one  and 
‘■''the  fame  colour,  in  all  politions  of  the  eye, 
though  he  could  not  yet  aflirm  it  from  ex- 
-periencc.”  it  was  an  opinion  of  this  great 
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philofophcr,  that  all  coloured  matter  refledts  the 
rays  of  light;  feme  relicdling  copioiifly  the  more, 
others  the  lefs  refrangible  rays.  He  was^  like- 
wife,  of  opinion,  that  opake  bodies  rdiedt  the 
light  from  their  anterior  furfacc,  by  feme  power 
of  the  body,  evenly  diffufed  over,  and  external 
to  it.  With  refpecl  to  tranfparent  coloured  li- 
quors, he  fays,  that  a tranfparent  body,  which 
^boks  of  any  colour  by  tranfmitted  light,  may 
alfo  look  of  the  fame  colour  by  rcfledccd  light; 
the  light  of  that  colour  being  refledlcd  by  the 
farther  furfacc  of  that  body,  or  by  the  air  beyond 
it;  and  then  the  rciicdlcd  colour  will  be  dimi- 
nifhed,  and  perhaps  ccafe,  by  making  the  body 
very  thick,  and  pitching  it  on  the  back  fide,  to 
diminifii  the  reriedlions  of  it’s  farther  furfacc, 
fo  that  the  light  refleClcd  from  the  tinging  par- 
ticles may  predominate.  In  fuch  cafe,  the  re- 
Hcdlcd  light  will  be  apt  to  vary  from  that  which 
was  tranfmitted. 

To  invefligatc  the  truth  of  thefc  opinions, 
Mr.  Delaval  entered  upon  a courfe  of  expe- 
riments, with  tranfparent  coloured  liquors  and 
glaffes,  as  well  as  with  opake  and  femi-tranfparenc 
fubflanccs.  From  thelc  he  found,  that  in  traiif- 
parent  coloured  fubftanccs,  the  colouring  matter 
does  not  refletJ  any  light ; and  when,  by  intercept- 
ing the  light  which  was  tranfmitted,  it  is  hin- 
dered from  pafii  ng  through  fuch  fubilanccs, ' they 
do  not  vary  from  their  former  colour  to  any 
other,  hut  become  eniirclv  black. 

As  this  incapacity  of  the  colouring  particles 
of  tranfparent  bodies  to  refled:  light,  was  dedueed 
from  very  numerous  experiments,  it  may  be  con- 
fidcred  as  a general  law.  Tt  will  appear  the  more 
extenlive,  if  you  confidcr  that,  for  the  moll  part,  • 
the  tinging  particles  of  tranfparent  fubdanccs 
are  extracted  from  opake  bodies ; that  the  opake 

bodies 
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bodies  owe  their  colour  to  thefe  particles,  as  well 
as  the  tranfparent  ; and  that  by  the  lofs  of  them 
they  are  deprived  of  their  colours. 

For  making  his  experiments,  Mr.  Delaval  iifed 
fmall  vials  of  Hint-glafs,  fimilar  to  that  in  my 
hand  ; the  form  is  that  of  a parallelopiped,  the 
height  exclufive  of  the  neck  is  about  2 inches,  the 
bafe  about  an  inch  fquare,  the  neck  2 inches  long. 
The  bottom  and  three  fides  of  each  of  thefe  vial^ 
was  covered  with  a black  varnidi;  the  cylindrical 
neck,  and  the  anterior  fide,  except  at  the  edges, 
being  left  uncovered.  He  was  careful  to  avoid  any 
crevices  in  the  varnifl'i,  that  no  light  might  be  ad- 
mitted, except  through  the  neck  or  anterior  lide  of 
the  vials. 

The  vials  fliould  be  perfedlly  clean,  and  thofe 
liquors  that  depofit  a fediment  ihould  not  be  put 
into  the  vials,  but  at  the  time  wTen  the  experi^ 
ments  are  to  be  made.  The  uncovered  lide  of  the 
vials  fliould  not  be  placed  oppolite  to  the  window 
where  the  light  is  admitted,  becaufe  in  that  fitua- 
tion  the  light  would  be  reflected  from  the  fartheft 
fide  of  the  vial  ; fmooth  black  fubftances,  refledl- 
ing  light  powerfully,  are  beft  fituated  when  the 
uncovered  lide  forms  a right  angle  with  the  win- 
dow. 

Taking  all  thefe  precautions,  he  viewed  a great 
number  of  folutions  both  of  coloured  metallic  fait, 
and  of  the  tinging  matter  of  vegetables,  obferving 
that  the  colour  by  reflection  was  black,  whatever 
it  might  he  when  viewed  by  tranfmitted  light.  If 
thefe  colours  were,  however,  fpread  thin  upon  a 
white  ground,  they  appear  of  the  fame  colour  as 
wdicn  viewed  by  tranfmitted  light ; but  on  a black 
ground  they  afford  no  colour,  unlcfs  the  black  body 
be  poliflied,  in  which  cafe  the  reflection  of  light 
through  it  produces  the  raine  effeCt  as  tranf- 
miflion. 
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The  cxpcriiocnts  made  with  coloured  glauc^, 
were  in  many  refpedls  analagous  to  thofe  with  tran- 
fparent  coloured  liquors.  For  thefc  he  made  fcveral 
parcels  of  colourlefs  glafs,  compoled  of  borax  and 
white  fund.  1*  he  glafs  was  reduced  to  powder,  and 
afterwards  ground  together  with  the  ingredients, 
by  which  the  colour  was  to  be  imparted  ; a me- 
thod he  found  preferable  to  the  ufual  mode  of 
tinging  glafies,  as  they  became  little  inferior  in 
luftre  to  real  gems. 

The  refult  of  all  his  experiments  was,  that 
when  matter  is  of  fuch  thinnefs,  and  the  tinge  fo 
dilute,  that  light  can  be  tranfmitted  through  it,, 
the  glafTcs  then  appear  vividly  coloured  ; but  when 
they  are  in  large  malTes,  and  the  tinging  matter  is 
more  denfely  difiufcd  through  them,  they  appear 
black,  for  thefe  as  well  as  the  tranfparent  liquors 
fliew  their  colour  only  by  tranfmiflion. 

Having  in  this  manner  formed  pieces  of  fuch. 
glafs,  two  inches  thick,  he  inclofed  them  in  black 
cloth  on  all  f des,  except  their  anterior  and  farther 
furfaces.  In  this  lituation  each  of  them  (hewed  a 
vivid  colour  when  light  was  tranfmitted  through 
them,  but  when  the  poherior  furface  was  Iikew?fe 
covered  with  the  cloth  to  prevent  the  tranfmifiion, 
no  other  colour  but  black  was  exhibited. 

From  thefe  phenomena  he  drew  the  following 
inferences  : 

1.  That  the  colouring  particles  do  not  rcflcPi  anv 

light. 

2.  That  a medium^  fuch  as  is  d.cfcrihed  hy  Sir 
I.  Newton,  is  dijj'ufcd  over  both  the  anterior  and  pof- 
terior  furfaces  of  the  plates,  whereby  objebls  are 
equally  and  regularly  refeeJed  as  by  a mirror. 

Our  author  next  confders  the  colourino*  par- 
ticles themfelves,  pure  and  Linrnixed  with%ther 
media.  To  procure  mafics  made  up  of  fuch  parti- 
cles, feveral  tranfparent  coloured  liquors  were  re- 
duced 


4i6  Lectures  on  Natural  Philosophy, 

duccd  to  a folid  confiftencc  by  evaporation  ; by 
employing  a gentle  heat  the  colouring  matter  will 
not  be  injured,  and  may  have  it’s  particles  again 
feparated  by  water  or  other  fluids,  and  tinging  them 
as  before.  In  this  hate  alfo  the  colouring  particles 
jcfled:  no  light,  and  therefore  appear  uniformly 
black,  w'hatever  be  the  fubftance  from  which  they 
may  have  been  cxtradlcd. 

He  endeavours  to  prove  by  experiments  on 
the  colouring  particles  of  opake  bodies,  that  thefe 
colours  are  produced  on  the  above-mentioned 
principles  ; that  they  feem  black  when  very  denfe, 
but  fliew'  their  proper  tinge  when  fpread  thin  upon 
a white  ground. 

The  green  of  grafs,  and  leaves  of  plants  being 
obtained  by  digefting  them  in  rectified  fpirits  of 
wine,  and  placed  in  one  of  the  above-mentioned 
vials,  the  part  in  the  neck  tranfmitted  the  vivid 
green,  but  that  contiguous  to  the  uncovered  fide 
of  the  vial  was  black. 

After  the  colour  had  been  totally  extradled, 
the  leaves  remained  apparently  unaltered  as  to 
figure  or  texture,  but  were  entirely  white,  or  of  a 
white  tinged  with  brown ; red,  blue,  and  purple 
flowers  were  alfo  digefted  with  fpirits  of  wine,  all 
of  which  yielded  their  colouring  matter  to  the 
fpirit,  and  became  white  when  deprived  of  it. 
From  mofl:  of  thefe  flowers  the  fpirit,  however, 
either  acquired  no  tinge  at  all,  or  only  a very  faint 
one;  but  when  acidulated, it  became  red,  and  by 
the  addition  of  an  alkali  became  blue,  purple,  or 
green,  according  to  the  quantity  of  the  alkali  and 
the  nature  of  the  infufion.  In  thefe  ftates  all  of 
them,  when  viewed  by  tranfmitted  light,  or  poured 
upon  a wTite  paper,  Ihcwed  their  colours,  but  uni- 
verfally  appeared  black  by  refledtion.  Other  ex- 
periments were  tried  with  other  flow-ers,  'but  the 
final  rcfult  was  the  fame,  no  colour  hy  reJiecHon, 
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White  paper,  linen,  &c.  may  be  tinged  of  any 
of  thefe  colours,  by  dippingthem  in  the  infufions  j 
and  the  conlideration  of  tha  manner  in  which  the 
colours  are  imparted  to  linen,  affords  much  infight 
into  the  manner  in  which  naturai  colours  are 
produced.  It  has  been  already  obferved,  that 
when  the  colouring  matter  of  plants  is  extradied 
from  them,  the  folid  fibrous  parts,  thus  divefted 
of  their  covering,  difplay  their  natural  u^hitenefs. 
White  linen,  paper,  &c.  are  formed  of  fuch  fibrous 
vegetable  matter,  which  is  bleached  by  diffolving 
and  detaching  the  heterogeneous  colouring  parti- 
cles : when  thefe  therefore  are  dyed  or  painted 
with  vegetable  colours,  it  is  evident  that  they  do 
not  difi'er  in  their  manner  of  ading  on  the  rays  of 
light  from  natural  vegetable  bodies  ; both  yield 
their  colours  by  tranfmitting  through  the  tranfpa- 
rent  coloured  matter  the  light  which  is  refleded 
from  the  white  ground. 

This  white  matter  ever  exiffs  without  any  con- 
fiderable  mixture  in  plants  while  they  are  in  a 
ftate  of  vegetation,  as  cotton,  white  flowers,,the 
pith,  w^ood,  feeds,  roots,  and  other  parts  of  feveral 
kinds  of  vegetables.  When  decayed  leaves  of  trees 
have  been  longexpofed  to  the  atmofphere,  their  co- 
loured juices  are  fometimes  fo  perfedly  extraded 
that  their  fibres  appear  white. 

Mr.  Dclaval  has  rendered  afhes  intcnfely  white ^ 
by  carefully  calcining  them,  and  afterwards  grind- 
ing with  a fmall  proportion  of  nitrc>  and  expofing 
them  to  fuch  a degree  of  heat  as  would  caufe  the 
nitre  to  deflagrate  with  the  remaining  quantity  of 
phlogiffon.  Laftly,  the  aflies  were  digeffed  wdth 
the  marine  acid,  in  order  to  diflblve  the  ferrugi- 
nous matter  diffufed  through  them,  and  repeat- 
edly wafliing  the  remainder  in  water. 

Hence  it  w'ould  appear,  that  the  earth  which 
forms  the  fiibflance  of  plants  is  white,  and  fepara- 
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blc  from  that  fubftance  which  gives  to  each  it’s 
peculiar  colour;  that  whenever  it  is  pure  and  un- 
rnixed,  or  diffufed  through  colourlefs  media,  it 
fliews  it’s  native  whitenefs,  and  is  the  only  vege- 
table matter  endowed  with  a native  whitenefs. 
This  white  matter  may  be  difeovered  by  other 
means  befides  burning  ; thus  rofes  may  be  whitened 
by  expoling  them  to  burning  fulphur,  and  the 
colour  may  be  again  reftored  by  the  addition  of  an 
acid  either  mineral  or  vegetable. 

Thus  it  appears  that  the  colouring  matter  of 
the  flowers  is  not  difeharged  or  removed,  but  onlv 
diffolved  by  the  phlogiflon,  and  thereby  divided 
into  particles  too  minute  to  exhibit  any  colour. 
Jn  this  fbate,  together  with  the  vegetable  juice  in 
which  they  are  diffufed,  they  form  a colourlefs 
tranfparent  covering,  through  which  the  white 
matter  of  the  flowers  is  feen  untinged.  The  co- 
louring matter  of  plants  coniifts,  according  to  Mr. 
Dedaval,  principally  of  inflammable  matter,  and 
their  folubility  in  and  union  with  phlogiflon. 

Colour  is  dejiroyed  by  the  rays  of  the  fun.  Thus 
dyed  filk  and  other  fubllances  of  that  kind,  when 
expofed  to  the  fun’s  light,  are  deprived  of  their  co- 
lour in  every  part  on  which  the  rays  are  allowed  to 
adl ; whilfl:  thofe  preferve  their  colours  which  arc 
defended  from  the  light.  The  colours,  thus  im- 
Pairedy  may  be  reflored,  if  acids  are  employed 
while  the  injury  is  recent. 

In  a w’ord,  all  Mr.  Delaval’s  experiments  fliew, 
that  the  colouring  matter  of  plants  does  not  exhibit 
any  colour  by  refledtion,  but  by  tranfmiffion  only; 
that  their  folid  earthy  fubflance  is  a white  matter, 
and  that  it  is  this  part  that  has  the  property  of 
rcflcdlion  ; that  the  colours  of  vegetables  are  pro- 
duced by  the  light  reflected  from  this  w'hitc,  and 
tranfmitted  from  thence  through  the  coloured 
coat  or  covering  which  is  formed  on  it’s  furface 
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by  the  colouring  particles  ; that  whenever  the  co- 
louring matter  is  cither  difcharged  or  divided  by 
folution  into'  particles  too  minute  to  exhibit  any 
colour,  the  folid  earthy  fubfi:ance  is  expofcd  to 
view,  and  difplays  that  whitenefs  which  is  it’s 
diitinguilhing  charadleriftic. 

Mr.  Delaval  having  fettled  this  point,’  next 
proceeded  to  examine  the  coloured  parts  of  animal 
fubflances,  and  found  them  exactly  fimilar  with 
regard  to  the  manner  in  which  the  colour  was 
produced,  to  the  vegetable  fubftances  already 
treated  of.  The  tindurcs  and  infufions  of  cochi- 
neal and  kermes  yield  their  colours  when  light  is 
tranfmi'tted  through  them,  but  fuew  none  by  re~ 
fiedion  : on  diluting  frefh  ox-gall  with  water,  and 
examining  it  in  the  above-mentioned  phials,  the 
part  of  it  viewed  by  tranfmitted  light  was  yellow  ; 
but  the  anterior  furface  in  the  lower  part  of  the 
phial  was  black,  and  refleded  no  colour.  Flcfli 
derives  it’s  colour  entirely  from  the  blood,  and  when 
deprived  of  it  the  fibres  and  velfels  are  perfedly 
white  ; as  are  likewife  the  membranes,  finews,  and 
bones,  when  freed  from  their  aqueous  and  volatile 
parts.  The  fiorid  red  colour  of  the  flafii  arifes 
from  the  light  which  is  refleded  from  the  white 
fibrous  fubltance,  and  tranfmitted  back  through 
the  red  tranfparent  covering,  formed  by  the  blood 
on  every  part. 

In  like  manner  the  red  colour  of  the  fliells  of 
lobflers  after  boiling,  is  no  more  than  a mere  fuper- 
ficial  covering,  fpread  over  the  white  calcareous 
earth  of  which  the  fhells  are  compofed,  and  may 
be  removed  from  the  furface  by  feraping  or  filing. 
Before  the  application  of  heat  this  fuperficial  co- 
vering is  much  denfer,  infomuch  that  in  fomc 
parts  of  the  fliell  it  appears  quite  black,  being  too 
thick  to  admit  the  palfage  of  the  light  to  the  fliell 
and  back  again  ,*  but  where  this  tranfparent  blue 
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colour  of  the  unboiled  lobftcr  is  thinner,  it  con- 
ftantly  appears  like  a blue  film.  In  like  manner 
the  colours  of  the  eggs  of  certain  birds  are  entirely 
fuperficial,  and  may  be  feraped  off,  leaving  the 
white  calcareous  earth  expofed  to  view. 

The  cafe  is  the  fame  with  feathers,  which  owe 
their  colours  entirely  to  a very  thin  layer  of  fome 
tranfparent  matter  upon  a white  ground;  this  was 
afeertained  by  feraping  off  the  fuperficial  colours 
from  certain  feathers,  which  were  ftrong  enough 
■to  bear  the  operation,  and  which  feparated  the  co- 
loured layers  from  the  white  ground  on  which  they 
have  been  naturally  fpread.  The  lateral  fibres 
cannot  have  their  colours  feparated  in  this  manner; 
but  their  texture,  when  viewed  by  a microfeope, 
feems  to  indicate  that  their  colours  are  produced 
on  them  by  no  other  means  than  thofe  already  re- 
lated. In  a word,  he  found  that  in  all  the  animal 
fubje^ls  he  examined,  the  colours  were  produced 
by  the  tranfmifhon  of  light  from  a white  ground 
through  a tranfparent  coloured  medium. 

The  coloured  fubftances  of  the  mineral  king- 
dom are  very  numerous,  and  belong  principally  to 
two  claffes,  earths  and  metals  ; the  former,  when 
pure,  are  all  w hite,  and  their  colour  arifes  from 
phlogiflic  or  metallic  mixtures.  Calcareous  earths, 
when  indurated,  conftitute  marble,  and  may  be 
tinged  with  various  colours  by  means  of  metallic 
folutions,  all  which  are  fimilar  in  their  nature  to 
the  dyes  put  upon  filk,  cotton,  or  linen,  and  inva- 
riably proceed  from  the  fame  caufe,  the  tranfmif- 
fion  of  light  through  a very  thin  and  tranfparent 
medium.  Flints  are  formed  from  filiceous  earths, 
and  owe  their  colour  to  the  flate  of  fire  wdthin 
them ; when  fiifhciently  heated,  they  are  rendered 
white  by  the  lofs  of  the  inflammable  matter  which 
produced  their  colour ; when  impregnated  with 
metals,  they  form  agates,  cornelians,  jafper,  and 
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coloured  cryftals.  The  coloured  gemsalfo  receive 
their  different  hues  from  metals,  and  may  be  imi- 
tated by  glaffes  tinged  with  fuch  inflammable  or 
metallic  matter  as  entered  into  the  original  fub- 
(lances,  all  exhibiting  trieir  various  tints  in  the 
fame  manner,  by  the  tranfmiflion  of  light  from  a 
refle(51:ed  white  ground. 

Even  the  colours  of  metals,  according  to  Mr. 
D.  are  produced  in  the  fame  manner.  Gold  exhi- 
bits a white  light  tinged  with  yellow  ; this  is 
grounded  on  an  experiment  of  Sir  I.  Newton,  who 
fays,  that  gold  in  a white  light  appears  of  the  fame 
colour  as  in  the  day-light,  but  that  on  intercept- 
ing a due  quantity  of  yellow-making  rays,  it  will 
appear  white  likefllver,  which  fliews  that  it’s  yel- 
lownefs  arifes  from  an  excefs  of  the  intercepted 
rays,  tinging  that  whitenefs  with  their  colour  M'hen 
they  are  let  pafs. 

A folutionof  fllver  is  pellucid  and  coiourlefs; 
a folution  of  gold  tranfmits  yellow,  but  reflects  no 
colour.  This  metal,  when  united  to  glafs,  yields 
no  colour  by  refledtion,  but  only  by  tranfmiflion. 
All  thefe  circumftances  feem  to  indicate,  thaf 
fhe  yellow  colour  of  gold  arifes  from  a yellow 
tranfparent  matter,  which  is  a conflituent  part  of 
that  metal,  and  that  is  equally  mixed  with  the 
white  particles  of  the  gold,  and  tranfmits  the  light 
reflected  by  them  ; in  like  manner  as  wdien  fllver  is 
gilt,  or  foils  are  made  by  covering  W'hite  metals 
with  tranfparent  colours.  But  thefe  faefitious  co- 
verings are  only  fuperficial,  whereas  the  yellow* 
matter  of  gold  is  difllifed  throughout  the  whole 
fubftance  of  the  metal,  and  appears  to  envelope 
and  cover  each  of  the  white  particles  ; the  yellow’^ 
matter  bears  to  the  white  about  the  fame  propor- 
tion that  the  yellow'-making  rays,  w'hich  wxre  in- 
tercepted, bear  to  all  the  other  rays  comprifed 
in  the  w'hite  light  of  the  fun. 
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Sir  Ifaac  Newton  has  fhewn,  that  when  the 
fpaces  or  interftices  of  bodies  are  replenifhed  w ith 
rnediaof  different  denfities^  the  bodies  are  opake  ; 
that  thofe  fuperficies  of  tranfparent  bodies  reflect 
the  greateft  quantity  of  light,  w'hich  intercede 
media,  that  differ  moft  in  their  refradlive  denfities ; 
and  that  the  refledlion  of  thin  tranfparent  fub- 
ffances  are  confidcrably  ffronger  than  thofe  made 
by  the  fame  fubftances  of  a greater  thicknefs. 
Hence  the  minute  portion  of  air,  or  of  the  rarer 
medium,  which  occupies  the  pores  or  interftices  of 
denfe  bodies,  is  a minute  w hite  fubftance.  This 
is  manifeft  in  the  w’hitenefs  of  froth,  and  of  all 
pellucid  colourlefs  fubftances,Tuch  as  glafs,  cryftal, 
or  falts  reduced  to'pow^dcr,  or  otherw  ifc  flaw'cd  ; for 
in  all  thefe  inftances  a wTite  light  is  refledled  from 
the  air  or  rarer  medium,  which  intercede  the  par- 
ticles of  the  dcnfer  fubftance,  whofe  interftices 
they  occupy. 

Hence  alfo  w'e  fee  w hy  white  opake  fubftances 
are  rendered  pellucid  by  being  reduced  to  uniform 
rnaffes,  whofe  component  parts  are  every  where 
nearly  of  the  fame  denftty  ; for  as  all  pellucid  fub- 
ftances are  rendered  opake  and  w'hite  by  the  ad- 
mixture of  pellucid  colourlefs  media,  of  conftde- 
rably  different  denftties,  they  are  again  deprived 
of  their  opacity,  by  extracting  thefe  media,  which 
keep  their  particles  at  a diftance  from  each  other  : 
thus  froth  or  fnowq  when  refolved  into  water,  lofe 
their  whitenefs,  and  affume  their  former  pellucid 
appearance.  In  like  manner  the  opake  white 
earths  are  by  proper  fluxes  reduced  to  pellucid  co- 
lourlefs glafs  ; becaufe  all  reflexions  are  made  at 
the  furfaces  of  bodies  diftering  in  denftty  from  the 
ambient  medium,  and  in  the  confines  of  equally 
(^lenfe  media  there  is  no  reflection. 

As  the  calces  of  metal  are  capable  of  reflcct- 
int^  their  colours  by  the  intervention  ot  air,  io, 
■ ^ when 
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w'hcn  mixed  with  oil  in  making  paints,  they  always 
alfume  a darker  colour,  becaufe  the  excefs  of  the 
cienfity  of  oil  over  air  forms  a fenliblc  difference, 
when  comparatively  conlidered  with  refpett  to  the 
fpecilic  gravity  of  the  rarer  metals.  Prom  this 
cauie  perceptibly  lefs  light  is  reflected  fiom  the 
molecLiliE  of  oil  dian  from  thofe  of  air,  and  confe- 
quently  the  mafs  appears  darker.  Ihe  cafe  is 
however  different  with  fucJi  paints  as  aic  formed 
of  the  denfer  metals,  as  vermillion,  fninium,  &c. 
for  though  oil  differs  very  confiderably  from  air  in 
it’s  fpccific  denfity,  yet  it  alfo  differs  very  much 
in  this  rcfpedl  from  the  denfer  metallic  powders  ; 
and  the  moleculce  of  oil,  which  divide  their  parti- 
cles, act  upon  the  light  lb  Ifrongly,  that  the  reflec- 
tion of  light  occafloned  by  them  cannot  be  diflin- 
guifhed  from  thofe  which  arc  caufed  by  rarer 
media.  Hence,  when  we  mix  vermillion  or  mi- 
nium with  oil,  the  colour  is  not  fenflbly  altered. 

All  the  earths,  which  in  their  natural  ftate  are 
of  a pure  white,  conflitute  tranfparent  colourlefs 
media  when  vitrified  with  proper  fluxes,  or  when 
diflblved  in  colourlefs  menftrua ; and  the  faline 
maffes,  obtainable  from  their  Iblutions,  are  tran- 
fparent and  colourlefs,  while  they  retain  the  water 
w'hich  is  neceffary  to  their  cryftallization,  and  are 
not  flawed  or  reduced  to  powder : but  after  their 
pores  and  interflices  are  opened  in  Inch  a manner 
as  to  admit  the  air,  they  become  white  and  opakc 
by  the  admittance  of  that  rare  medium.  The 
earthy  particles,  which  form  the  folid  parts  of 
bodies,  generally  exceed  each  other  in  dcnfity;  con- 
fequently  thefe  particles,  w’hen  contiguous  to  the 
rare  media  already  mentioned,  muff  reflect:  the  rays 
of  light  with  a force  proportionate  to  their  den- 
fity.  The  refleebive  power  of  bodies  does  not  de- 
pend merely  upon  their  cxcefs  of  dcnlity,  but  upon 
their  difference  of  denlity  with  refpeCt  to  the  lur- 

E c 4 rounding 


424  Lectures  on  Natural  Phil  o sofiiy  . 


rounding  media.  Tranfparcnt  colourlcfs  particles, 
whofe  denlity  is  greatly  inferior  to  that  of  the 
media  they  come  between,  alfo  powerfully  refled 
all  forts  of  rays,  and  thereby  become  white;  of  this 
kind  are  the  air,  or  other  rare  fluids,  which  occupy 
the  interffices  of  liquors,  and  in  general  of  all 
denfer  media,  where  fuch  rare  particles  are  ad- 
mitted. 

Hence  we  may  conclude,  that  white  opake 
bodies  are  conflituted  by  the  union  or  contiguity 
of  two  or  more  tranfparent  colourlefs  media,  dif- 
fering conflderably  from  each  other  in  their  re- 
fledive  powers.  Of  thefe  fubflances  we  have 
examples  in  frothy  emulfions,  or  other  imperfed 
combinations  of  pellucid  liquors,  as  milk,  fnow,  cal- 
cined or  pulverized  falts,  glafs  or  cryftal  reduced 
to.  powder,  white  earths,  paper,  linen,  and  even 
thofe  metals  which  are  called  white  by  mincralo- 
gifts : for  thofe  metals  do  not  appear  white  unlefs 
their  furfaces  be  rough  ; as  in  tLat  cafe  only  there 
are  interfcices  on  their  furface  fufheient  to  admit 
the  air,  and  thus  make  a refledion  of  a white  and 
vivid  light. 

The  polifhed  furfaces  of  metallic  mirrors  re- 
fled the  incident  rays , equably  and  regularly  ac- 
cording to  their  feveral  angles  of  incidence,  fo  that 
the  refleded  rays  do  not  interfere  with  each  other, 
but  remain  feparate  and  unmixed,  and  therefore 
diflindly  exhibit  their  feveral  colours.  Hence  it 
is  evident,  that  white  furfaces  cannot  ad  upon  the 
light  as  mirrors,  becaufe  all  the  rays  w'hich  are  re— 
fleded  from  them  are  blended  in  a diforderly  and 
promifeuous  manner. 

The  foregoing  phenomena  give  us  fome  in- 
flght  into  the  nature  and  caufc  of  opacity,  as  they 
clearly  fhew',  that  eveji  the  rarefl:  tranfparent  co- 
lourlefs fubflances,  when  their  furfaces  are  adja- 
cent to  media  differing  greatly  from  them  in 
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refradlive  power,  may  thereby  acquire  a perfect 
opacity,  and  may  alTume  a hue  and  refplendencc 
limilar  to  that  of  white  metals  ; that  the  rarer 
pellucid  fubftances  cannot  by -the  fight  be  diftin- 
guifiied  from  the  denfe  opake  metals ; and  this 
fimilarity  to  the  furface  of  metals  not  only  occurs, 
when  from  the  roughnefs  of  their  furfaces  they  re- 
femble  poliflied  metals  in  whitenefs,  but  alfo  when 
from  their  fmoothnefs  they  refemble  the  polilhed 
furface  of  metals. 

Metals  feem  to  confill  entirely  of  tranfparent 
matter,  and  to  derive  their  apparent  opacity  and 
lufire  folely  from  the  copious  refledion  of  light 
from  their  furfaces.  The  analogy  between  metals 
and  tranfparent  media,  as  far  as  concerns  their  op- 
tical properties,  will  appear  to  you  from  the  fol- 
lowing confiderations  : i.  All  metals  diffolved  in 
their  proper  menftrua  are  tranfparent.  2.  By  the 
union  of  two  or  more  tranfparent  media,  fubftances 
are  conflituted  which  are  fimilar  to  metals  in  their 
opacity  and  luflre,  as  plumbago  and  marcafites. 
3.  The  tranfparent  fubftances  of  metals,  as  well 
*as  thofe  of  minerals,  by  their  union  with  inflam- 
mable matter,  acquire  the  ftrong  refledive  powers 
from  which  their  luftre  and  opacity  arife.  4.  The 
furfaces  of  pellucid  media,  fuch  as  glafs  or  water, 
afllime  a metallic  appearance,  when  by  their, 
fmoothnefs,  difference  of  denfity  with  refped  to 
the  contiguous  media,  or  any  other,  they  are  dif- 
pofed  copioufly  to  refled  the  light.* 

From  thefe  confiderations  it  is  evident,  that 
opake  fubftances  are  conftituted  by  the  union  or 
contiguity  of  tranfparent  colourlefs  media,  differ- 
ing from  one  another  in  their  refledive  powers  ; 
and  that  when  the  common  furface,  which  comes 
between  fuch  media,  is  plane,  equal,  and  frnooth, 

it 


particulars,  &c.  &c.  fee  Mr.  Delaval’s 
Memoirs  of  the  Manchefter  Society,”  vol.  g. 


paper, 


4^6  Lectures  on  Natural  Philosophy. 


it  refleds  the  incident  rays  equally  and  regularly* 
as  a mirror;  but  when  their  furfacc  is  rough  and 
unequal,  or  divided  into  minute  particles,  it  re- 
fledls  the  incident  rays  irregularly  and  promif- 
cuoufly  in  different  dircid;ions,  and  confcquently 
appears  white. 

W hen  the  interftitial  vacuities  of  bodies  are 
fo  difpofed,  that  the  light  can  preferve  it’s  ree^li- 
linear  cotirfe  through  them.  Inch  bodies  appear  lu- 
minous throughout,  and  are  vifible  in  their  internal 
fubftance  ; but  ,when  their  conftitution  is  fuch  as 
will  not  allow^  a free  paffage  to  the  light,  they  are 
then  vifible  only  by  thofe  rays  which  are  refleded 
from  their  furface^  and  their  internal  furface  is 
cold  and  dark. 

^ From  various  confiderations  it  appears,  that 
the  chemical  properties  of  bodies  have  a confide- 
rable  influence  on  their  colour;  for,  doubtlefs,  a 
force  which  adls  pow-erfully  in  refrading  the  rays, 
muff  likewife  influence  their  refledion  ; and  it  is 
hardly  to  be  doubted  but  that  the  adion  of  fire  has 
a confiderable  fhare  in  the  produbtion  of  colours ; 
indeed  it’s  fhare  in  the  operations  of  nature  is  fo 
confiderable,  that  it  would  be  ftrange  if  it  fhould 
be  excluded  from  this  more  curious  part. 

By  comparing  the  refradive  power  of  different 
bodies,  Newton  found  that  inflammable  fubflances 
poffefs  it  in  a much  greater  degree  than  fuch  as  are 
not  inflammable.  From  his  obfervations  on  this 
fubjed,  he  drew  the  w'onderful  conclufion,*  that 
the  diamond  contained  a large  quantity  of  injiam- 
mahle  matter;  that  zvater  was  an  intermediate  fub- 
flance  between  inflammable  and  uninflammable 
bodies,  and  that  it  fupplied  vegetables  with  the 
inflammable  principle;  which  truths  have  been 
feen  and  demonftrated  only  in  the  prefent  day. 

Bodies, 
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Bodies,  not  tranfparcnt  in  their  ordinary  flate, 
may  be  rendered  fo  either  by  relaxing  their  parts 
with  heat,  fo  that  the  light  may  pafs  through  them 
more  eafily,  orby  giving  fomc  new  direeftion,  toge- 
ther with  an  additional  force,  to  the  matter  of  light. 
Mr.  Ilawldbee  was  very  much  furprifed  to  find, 
that  the  fealing-wax,  and  the  pitch,  within  fide  a 
glafs  globe,  became  fo  tranfparcnt  when  the  glafs 
was  whirled  about  and  rubbed  with  the  hand,  that 
the  fingers  might  be  plainly  feen  on  the  other  fide 
through  the  coating.  Oil  is  condenfed,  when  cold, 
into  a fort  of  globules  impervious  to  the  light;  but 
when  thefe  globules  are  dilTolved,  and  opened  by 
‘the  action  of  fire,  the  oil  not  only  becomes  traii- 
fparent,  but  appears  as  bright  and  fhining  as  if  the 
light  v;ere  a natural  part  of  it’s  fubftance. 

Many  heterogeneous  fluids  grow  dark  and  mud- 
dy with  cold,  but  may  foon  be  clarified  again  by 
the  application  of  a moderate  heat:  red-port  wine 
is  fometimes  as  foul  as  if  brick-duft  was  mixed 
with  it,  but  will  foon  become  bright  and  clear  be- 
fore the  fire. 

The  quality  of  tranfparency  is  given,  by  a wife 
ordination  of  Providence,  to  the  fluid  fubftance  of 
water,  which  is  fo  neceffary  to  the  life  of  all  ani- 
mals. Tranfparency  renders  glafs  mofh  valuable; 
the  value  of  gold  is  arbitrary,  but  the  worth  of 
glafs  is  intrinfic  ; it’s  cleanlincfs  and  tranfparency 
recommend  it  to  our  ufe  for  the  common  purpofes 
of  life,  and  render  viffble  the  mofi:  curious  and 
fubtil  proceffes  of  chemiftry  and  philofophy  : in 
optics,  it  aflifis  the  aged,  and  gives  to  man  an  infight 
into  the  wonders  of  creation. 

* Jones’s  Phyfiological  Difquifitions,  p.  86, 
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more  the  nature  of  light  is  inveftigated, 
the  more  it’s  relation  to  fire  is  difeovered  : 
many  proofs  of  this  you  have  already  feen,  many 
more  will  occur  in  treating  of  phofphoric  bodies. 
As,  I have  already  fhewn  you,  that  fire  is  received 
and  retained  in  bodies  under  the  form  of  heat ; I 
have  now  to  fliew  you,  that  it  is  alfo  retained  in  moft 
fubffances  under  the  form  of 

By  phofphorus  we  in  general  mean  thofe  fub- 
ffances  which  fhine  in  the  dark,  without  emitting 
heat.  Phofphorus  is  divided  into  feveral  kinds, 
known  by  the  names  of  the  Bolognuin  phofphorus, 
Mr.  Canton"^  phofphorus,  Baldzvin's  phofphorus, 
phofphorus  of  urincy  &c.  &c.  Befides  thefe,  it 
has  been  found  that  the  far  greater  part  of  terref- 
trial  bodies,  upon  being  expofed  to  the  light,  will 
appear  luminous  in  the  dark.  This  circumftance 
has  occafioned  fome  writers  to  divide  the  phof- 
phori  into  two  claffes,  namely,  fuch  as  require  to 
be  expofed  to  the  light  either  of  the  fun  or  fome 
artificial  fire,  before  they  become  luminous ; and 
fuch  as  do  not.  Of  the  firff  kind  are  the  Bolog- 
nian  phofphorus,  Mr.  Canton’s  phofphorus,  the 
phofphorus  from  earths,  &c. ; of  the  latter  kind 
are  rotten  wood,  the  fkins  of  fiflies,  and  the  phof- 
phorus of  urine.  There  is  another  clafs  which 
becomes  luminous  by  fric1;ion  or  vibration,  as  fu- 
o-ar,  and  the  folution  of  phofphorus  in  fpirits  of 
w inc. 

h has  been  fiiid,  ''  that  philofpphy  was  never 
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under  more  obligation  to  what  is  called  chance, 
‘‘  than  with  refpedt  to  the  difeovery  of  the  pro- 
perty  of  imbibing  of  light,  which  was  once 
thought  to  be  peculiar  to  a certain  fofTil  in  the 
''  neicrhboiirhood  of  Bologna,  but  is  now  found  in 
many  other  fubhances.  Not  only  was  a Jingle  and 
leading  fadt,  but  a whole  J'eries  of  fa6ls  the  refuk 
of  cafual  obfervation.”  You  are,  I hope,  better 
learned,  and  will  enter  your  proteft  againft  this 
opinion ; for  you  know  that  fuch  an  opinion,  if 
embraced,  would  deprive  you  of  that  fatisfadtion 
of  mind  which  arifes  from  a ftrong  and  well- 
grounded  apprehenfion  of  a Divine  Providence,  and 
of  your  being  conflantly  under  a gracious  protec- 
tion that  will  guard  you  from  every  evil  unproduc- 
tive of  greater  advantage.  It  is  indeed  the  main 
- balls  of  prudence  and  benevolence,  as  it  enfures  to 
you,  that  whatever  you  do  well  fhall  be  attended 
with  fuccefs  either  at  prefent  or  in  futurity,  and 
thus  making  the  good  of  your  fellow-creatures  your 
own  higheft  intereft.  As  this  opinion  is  thus  dan- 
gerous, it  can  be  no  improper  digrellion  to  confider 
it  more  attentively,  and  the  more  fo  as  you  will 
find  another  writer,  to  whom  Plliall  have  occalion 
to  refer  you  on  the  fubjedl  of  phofphorus,  ac- 
knowledging that  it  was  accident  w'hich  lifted  up 
the  veil  of  nature  to  him,  and  attributing  to  the 
fame  blind  caufe  the  greateft  difeoveries  that  have 
been  made  by  others. 

In  com.mon  difeourfe  we  often  indeed  fpeak 
of  chance  or  fortune,  as  a power  influencing  the  af- 
fairs of  men,  and  having  a principal  lliare  in  the 
direclion  of  all  events;  as  frequently  baffling  the 
fkill  of  the  wife,  the  valour  of  the  brave,  and  the 
Ilrengthof  the  mighty;  as  turning  the  fcale  of  vic- 
tory, and  determining  the  fuccefs  of  all  enter- 
prizes.  But  if  you  examine  the  idea  of  chance 
philofophically,  you  will  fee  that  it  is  neither  agent 
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nor  power,  nor  has  any  other  exigence  except  in 
our  own  ignorance ; for  Vvhatever  is  aferibed  to 
chance  or  fortune,  we  Ihould  fee  performed  by 
other  caufes,  if  we  had  fagacity  to  difeern  them. 

Chance  is  no  caufe  of  any  thing,  and  ferves  only 
to  exprefs  our  ignorance  or  uncertainty  of  the  man- 
ner in  which  other  caufes  operate  ; and  in  this 
fenfe  may  be  applied  to  the  moft  cogent  neceffity 
or  moft  deliberate  ddign,  where  we  know^  not  the 
tendency  of  the  one,  nor  the  purpofc  ain'ied  at  by 
the  other.  What  is  efteemed  more,  cafual  than 
weather  ? Yet  nobody  doubts  of  the  air  being 
moved,  the  vapours  rarified,  and  the  clouds  con- 
denfed,  according  to  a certain  impulfe  received 
from  mechanical  caufes  ; but  bccaufe  no  mathema- 
tician nor  haturalift  can  invehigate  thofe  caufes  fo 
as  to  calculate  what  they  will  produce,  w^e  fay,  the 
farmer  depends  upon  chance  to  bring  his  corn  to 
maturity,  and  give  him  a favourable  feafon  for 
his  harvefl; : yet  if  we  were  acquainted  with  the 
refpedtive  qualities,  and  exact  proportions,  of  the 
caufes  from  whence  they  proceed,  we  might  cal- 
culate the  variations  of  the  weather,  as  well  as  w^e 
now  do  the  changes  and  eclipfes  of  the  moon. 
So  that  an  event,  happening  by  chance,  does 
not  elude  the  operations  of  nccelTary  caufes,  nor 
the  a6ts  of  free  agents,  nor  the  provifions  of 
wifdom;  for  the  effeCls  of  all  three  will  appear 
cafual  when  we  cannot  forefee  them.  And  w'hen 
it  is  faid  anything  is  difeovered  by  chance,  or  that 
fortune  has  had  fiich  an  influence  upon  our  affairs, 
no  more  Ihould  be  underffood  by  thefe  expreflions, 
than  that  we  are  ignorant  of  the  caufes  adling 
around  us,  and  affecting  the  fuccefs  of  our  mea- 
fures.  Before  accident  takes  place  in  thofe  events 
w’here  our  agency  has  no  concern,  there  muff  have 
been  natural  caufes  in  motion  previous  to  any 
thing  thus  appearing  to  fall  out  accidentally  among 
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them  ; and  it  is  only  our  ignorance  of  their  concur- 
rence and  povvers  that  gives  chance  a title  to  the 
production. 

Inventions,  as  we  have  on  a former  occafion 
obferved,  may  appear  accidental,  and  fo  indeed 
thev  are  with  rcfpecl  to  us,  for  no  man  could  have 
fecn  before  hand  the  day  when  they  would  happen  : 
but  accidents  arife  from  certain  caufes  lying  in 
train  to  produce  them ; when,  and  in  what  manner 
they  fliall  come  to  pafs,  mult  be  referred  to  the 
DISPOSER  of  all  events.  It  is  frequent  in  philofo- 
phical  difquilitions,  that  the  fame  inquiry  produces 
very  dilferent  difeoveries.  The  attention  paid  to 
the  immediate  objecd:  of  inveftigation  does  not  fliut 
the  eye  of  the  obferver  againft  any  thing  elfe  that 
may  offer  ; and  the  Hate  into  which  the  fubjedt  of 
examination  is  put,  in  order  to  favour  an  expeded 
event,  often  gives  origin  to  another  not  lefs  inte- 
refting. 

Nature  is  nothing  more  than  a conveyancer^ 
whofe  channels  we  can  in  fome  meafure  trace, 
conduding  adivity  from  one  fubHance  to  another; 
and  chance  grows  like  an  excrefcence  from  the 
lituation,  the  circumftances,  or  mutual  concurrence 
of  other  caufes.  We  have  no  experience  of  any 
thing  that  can  ad  otherwife  than  by  tranfmitting 
an  operation  already  begun.  Volition  is  the  only 
.power,  we  know  of,  that  is  capable  of  beginning 
an  adion,  or  giving  an  impulfc  it  did  net  hrff  re- 
ceive. And  whoever  fuppofes  a fubHance  invo- 
luntarily felf-moving,  or  caufing  a new  impulfe 
.not  in  being  before,  builds  upon  a mere  hypothefis, 
without  any  tad,  within  the  compafs  of  his  obfer- 
vation,  to  fupport  it ; whereas,  he  who  holds  the 
contrary,  does  it  becaufe  experience  of  his  own  ac- 
tions teaches  him  that  he  begins  them  himfelf,  but 
that  every  thing  acting  involuntarily  proceeds  in 
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another  manner,  only  carrying  on  an  operation 
begun  by  fome  other  agent. 

Our  views  of  providence  mufi:  be  partial  and 
imperfcdl  at  befl,  wherefore  much  of  the  wifdom 
of  God  will  appear  fooliflinefs  to  man ; and  fo  does 
wifdom  always  appear  to  fuch  as  have  not  capacity 
to  difcern  the  juftnefs  of  her  meafures,  nor  the 
ends  for  which  they  were  purfued  : but  the  more 
attentively  you  obferve  the  luminous  tradts,  you 
will  find  them  fpreading  further  and  further  into 
the  dark  and  exceptionable,  and  they  will  open 
before  you  an  ample  field  for  contemplation.  For 
you  Avill  difeover  wheel  within  wheel,  be  able  to 
trace  the  connection  between  many  of  them,  dif- 
cern  their  exadt  adjuftment  to  each  other,  and 
perceive  one  adapted  to  anfwer  various  purpofes, 
till  at  laft  you  will  be  ready  to  believe  with  Plato, 
that  the  whole  world  is  a tifllie  of  caufes  and  ef- 
fects, wherein  nearly  or  remotely  every  thing  has 
an  influence  upon  the  reft.  From  hence  we  may 
conclude,  not  only  that  the  young  ravens  arc  fed, 
and  the  lilies  of  the  field  arrayed  in  the  glory  of 
Solomon  by  the  divine  provifioh  ; but  that  of  two 
fparrows  which  are  fold  for  a farthing,  not  one  of 
them  falleth  to  the  ground;  not  a hair  is  loft  of 
the  number  upon  our  heads ; not  an  atom  ftirs 
without  the  permilfion  of  our  heavenly  father. 

Thus  alfo  God  has  been  pleafed  by  a long  and 
' extraordinary  ferics  of  events,  continuing  from  the 
infancy  of  mankind,  to  nourifli  up  a religion 
whereby  purer  fentiments  of  himfelf,  and  a more 
extcnfive  charity,  may  be  introduced  among  the 
vulgar;  and  has  in  his  wifdom  raifed  up  two  trees, 
fhiio/ophy  and  religion,  from  little  feeds,  and  by 
How  and  fucceflive  gradations,  whofe  influence 
when  mutual  continually  tends  to  purify  and  7ne- 
It  or  ate  mankind,  but  when  fet  at  too  great  a dif- 
tance  from  each  other,  philofophy  becomes  a vain 
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babbler,  and  religion  a fuperflitious  cnchantrefs. 
When  properly  mingled,  their  branches  grow 
more  vigorous,  extend  over  a larger  compafs,  and 
bear  fruits  of  more  general  ufe,  co-operating  in 
that  great  delign  which  has  been  carrying  on  from 
the  earlieft  accounts  of  hi  (lory  by  a remarkable, 
courfe  of  providence,  calculated  for  the  benefit  of 
the  human  race  in  general,  diflindt  from  that  re- 
fpedling  particular  perfons  ; intended  to  introduce 
a perfect  rectitude  of  fentiment  both  in  the  under- 
ftanding,  and  inferior  faculties  of  the  mind. 

Too  numerous  are  the  inflances  to  be  noticed 
in  thefe  Ledlures,  and  they  would  lead  me  too  far 
from  the  general  plan  of  the  work  ; but  one  or  two 
I cannot  refrain  from  mentioning.  You  know 
how  much  the  art  of  printing  has  contributed  to 
the  advancement  of  learning;  but  this  was  not  the 
difcovery  of  any  philofopher  ; the  world  had  been 
long  acquainted  with  the  method  of  damping  in- 
fcriptions  upon  medals  and  feals,  which  one  would 
think  might  naturally  have  led  the  ingenious  to 
contrive  how  to  damp  the  pages  of  a book,  yet 
was  it  never  thought  of  until  the  appointed  time 
written  in  the  book  of  heaven. 

The  magnetic  power  of  the  load-done  was 
known  2000  years  ago,  but  remained  an  objedt  of 
idle  curiodty  for  ages,  until  the  ufe  of  the  needle 
was  difcovered  ; when  it  opened  to  us  a new  world, 
gave  a readier  accefs  to  the  remoted  regions  of  the 
old,  became  a means  of  communicating  knowledge, 
and  familiarizing  the  nations  of  the  earth. 

Gunpowder  is  faid  to  have  been  difcovered 
by  a monk  trying  experiments,  without  expedla- 
tion  of  any  fuch  rcfult ; but  how  greatly  has  it 
changed  the  polity  of  nations,  and  civilized  the 
rugged  manners  of  \var,  making  it  depend  more 
uponfcience  than  bodily  drength  or  perfonal  cou- 
rage, and  uniting  the  civil  with  the  military  inte- 
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reft  I And  in  remote  confcqucnce  of  thcfe  inven- 
tions concurring  with  other  incidents  in  the  ama- 
zing feries,  mankind  is  become  better  united  and 
civilized  ; every  nation  has  fome  intercourfe  with 
others,  and  the  more  barbarous  gradually  take  a 
tincture  from  the  more  humane. 

Let  us  now  return  to  our  phofphoretic  bodies, 
and  firft  of  the  Bolognian  phofphorus.  This  uas 
difcovered  about  the  year  1630,  by  Vincenzo  Caf- 
cariolo,  a ftioe-maker  of  Bologna,  who  being  in 
queft  ot  fome  chemical  fecret,  among  other  things 
tried  a calcination  of  fome  ftoncs  to  be  found  in 
the  neighbourhood  of  that  city;  and  obferved,  that 
whenever  this  ftone  was  taken  into  the  dark,  after 
having  been  exp)ofed  to  the  light,  it  • was  plainly 
vifible  by  alight  iffuing  from  itfelf,  continuing  to 
appear  fo  for  lomc  time,  when  it  became  invifible  ; 
but  upon  returning  it  to  the  light,  and  then  carry- 
ing it  back  to  it’s  former  fituation,  it  exhibited 
the  fame  appearance  as  before. 

Of  bodies  that  give  light  in  the  dark  there  are 
feveral  kinds  ; for  fome  bodies  throw  out  light 
f pontaneoiijly^  and  others  upon  being  excited.  Ot 
the  former  kind  fome  ihine  with  a natural  li^hty 
as  glow-worms,  dates,  and  a good  many  aquatics  ; 
others  pofl'efs  an  adventitious  light ^ as  rotten  w oods, 
and  the  tiefli  of  fome  quadrupeds  and  birds.  Thefe 
lafi  are  not  naturally  phofphoric,  but  owe  that 
property  to  fome  particular  caufe,  wdiich  generally 
is  putrifa^lioHy  and  fometimes  an  infenfible  change 
in  the  natural  conflitution  of  the  parts. 

I'hofe  bodies  w hich  become  phofphori  upon 
being  excited^  or  whofe  phofphoretic  property  is  at 
lead  alTifled  by  excitation,  may  be  didributed  into 
did'erent  fpecics  according  to  the  mode  in  which 
this  property  is  brought  into'adlion.  Thefe  modes 
are  attrition^  agitation^  heat^  the  free  admidjion  of 
air^  and  being  expoj'cd  to  the  external  light. 
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Bodies  of  every  kind  become  phofphori  by 
attrition^  provided  they  can  bear  that  force  of 
fridion  which  is  fiifhcient  to  produce  the  reludanc 
light  that  is  hid  in  their  fubftances  ; agitation 
agrees  moftly  with  liquid  fubftances,  as  fea-water. 

The  emerald  phofphorus,  and  many  gems,  and 
amongll  chefe  not  a few  diamonds,  the  lapis  lazuli, 
and  a great  part  of  the  mountain  cryftals,  become 
phofphoric  by  the  application  of  heat. 

"The  free  admijfton  of  air  not  only  produces 
light  in  tiling  the  phofphorus  of  Konkel,  but  even 
a'  blaze  of  hre  where  fridion  is  ufed.  The  phof- 
phorus of  Homberg  burns  alfo  furioufly  upon  the 
approach  of  air. 

The  laft  clafs,  thofe  which  ad  after  being  ex- 
fofed  to  the  external  light,  are  exceeding  numerous; 
there  feem  but  two  fubftances  which  do  not  emit 
light  when  tried  in  this  way,  except  water,  indt’s 
fluid  date,  and  metals.  All  bodies  then  whatever, 
except  water  and  metals,  have  a power  of  imbibing 
light,  and  when  placed  in  proper  circumftances,  of 
emitting  it  again. 

This  has  been  fully  proved  by  the  experi- 
ments of  Mr.  Beccari’*'  of  Bologna,  ajid  Mr.  Wil- 
fon,  which  have  been  made  in  the  mod  fatisfadory 
manner  ; indeed,  fo  great  has  been  their  diligence, 
that  there  are  but  little  hopes  of  adding  any  thing 
conhderable  todhat  they  have  done. 

A very  weak  light  can  only  be  vifible  in  great 
darknefs.  When  the  fun  is  in  it’s  meridian  fplen- 
dor,  the  moon  and  dars  are  totally  obfeured  ; and 
yet  when  his  fuperior  light  is  withdrawn,  how 
plainly  the  moon  and  dars  appear.  Art  will  pro- 
duce a degree  of  darknefs  far  exceeding  that  of  the 
night,  and  in  fuch  darknefs  the  weaked  light  will 
become  vifible.  Mr.  Wilfon,  therefore,  to  judge 
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of  the  illumination  of  bodies,  when  brought 
from  the  light,  made  his  experiments  in  a clofet 
about  6 feet  by  5 l feet,  the  height  about  9 feet. 
It  was  painted  black,  or  covered  with  black  baize 
in  every  part,  and  had  two  doors  which  were  5 or  6 
inches  broader  and  longer  than  the  fpace  to  enter 
at.  There  were  two  curtains  of  black  cloth  over 
the  hole  where  the  hand  was  occalionally  put  out, 
to  expofe  bodies  to  the  light;  the  outer  one  and 
inner  one  each  confifted  of  three  doubles  : all  thefe 
were  confidcrably  larger  than  the  hole,  which  was 
about  15  inches  diameter,  and  opened  tothefouth. 
There  were  fmall  leaden'Weights  faftened  to  the 
bottom  of  each  curtain,  to  preferve  them  in  their 
places  when  the  hand  was  drawn  into  the  room  ; 
two  curved  pipes  were  fitted  to  the  clofet,  one 
communicating  with  the  external  air  from  the  top 
of  the  room,  the  other  from  the  bottom,  for  the 
fake  of  breathing  freely  ; by  means  of  this  clofet 
any  fubffances  could  be  eafily  expofed  to  the  light, 
or  withdrawn  from  it. 

Numerous,  and  well  worthy  of  your  attention, 
are  the  experiments  made  by,  IVilfon  in  this  clofet ; 
here  almoft  every  fubftance  was  found  to.  be  phof- 
phoretic : but  calcined  oyfter-fhells,  and  whitepa- 
per, pofTeffed  this  power  in  an  eminent  degree.  A 
piece  of  paper  with  a key  being  expofed  to  the 
light,  and  again  taken  into  the  room,  the  key  w^as 
then  removed,  and  there  remained  as  much  of  the 
paper  dark  as  had  been  covered  by  the  key,  leaving 
a black  fpace  exactly  of  the  fame  figure  as  the 
key.  A gentleman’s  hand,  and  part  of  a ruffle, 
being  dipped  in  the  light,  and  then  fuddcnly  with- 
drawn, appeared  luminous;  and  as  every  other 
part  of  the  body  was  dark,  it  looked  like  a hand 
with  a bit  of  ruffle  fufpended  in  the  air,  fo  that 
the  human  body  was  found  like  others  to  be  phof- 
phoric. 

Though 
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Though  fluid  water  is  incapable  of  emitting 
light,  yet  when  condenfed  into  the  form  of  ice  or 
fnow,  it  afTumes  it,  like  other  fpe’cies  of  matter. 
This  accounts  for  the  light  afforded  by  fnow  lying 
on  the  ground,  even  when  the  heavens  are  involved 
in  utter  darknefs ; being  expofed  to  the  light  all 
the  day,  it  abforbs  a great  deal  of  light,  and  is 
thereby  enabled  to  give  out  a conflderable  quan- 
tity in  the  night. 

It  is  probable  that  all  the  bodies  with  which 
we  are  furrounded  are  fu flic iently  endued  with  this 
phofphoretic  property,  to  enable  animals  to  find 
their  food  in  the  night.  To  this  it  may  be  added, 
that  the  eyes  of  animals  are  better  conftrucled  for 
colledling  light  than  the  human  eye  : thus  the  fub- 
ftance  fpread  out  behind  the  retina  of  cats,  owls, 
&c.  is  white,  which  refledfs  the  moft  light  ; that 
behind  the  retina  of  gramenivorous  animals  is 
green;  laftly,  that  in  the  human  eye  is  black; 
hence -we  require  more  light  than  animals  to  dif- 
cover  objects,  but  our  vifion  is  more  perfedl. 

From  the  foregoing  experiments  it  appears, 
that  the  world  is  flocked  with  a variety  of  occa- 
flonal  phofphori,  from  which  light  is  infenflbly 
evaporating  where  we  fhould  never  have  looked  for 
it,  nor  could  poflibly  have  detedled  it,  but  for  the 
fubtle  mode  of  examination  contrived  by  Beccari 
and  Wilfon. 

Of  Canton’s  Phosphorus. 

To  prepare  this,  take  fome  oyfler-fliells,  and 
calcine  them,  by  keeping  them  in  a good  coal  fire 
for  half  an  hour  ; let  the  piirefl  part  of  the  calx 
be  pulverized  and  fiftcd ; to  three  parts  of  this 
powder  add  one  of  the  flow'ers  of  fulphur,  and  mix 
them  well  together;  put  the  mixture  into  a cru- 
cible, and  ram  it  tightly  therein ; then  let  it  be 
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placed  in  the  middle  of  a fire,  where  it  mud:  be 
kept  red-hot  'for  an  hour  at  lead:,  and  then  fet  to 
cool.  When  it  is  cold,  turn  it  out  of  the  crucible, 
and  cutting  or  breaking  it  to  pieces,  ferape  olf 
upon  trial  the  brighted:  parts,  which,  if  good,  will 
form  a white  powder,  which  you  may  preferve  by 
keeping  it  in  a dry  phial,  with  a ground  ftopple. 

The  quantity  of  light  which  a little  of  this 
phofphorus  gives  when  fird:  brought  into  a dark 
room,  after  it  has  been  expofed  lor  a few  feconds 
to  the  light  of  the  day,  is  fufficient  to  diew  the 
hour  by  a watch,  if  the  eyes  have  been  previoudy 
Ihut  for  one  or  two  minutes. 

By  this  phofphorus  you  may  reprefent  celef- 
tial  objedls,  fuch  as  Saturn  and  his  ring,  the  phafes 
of  the  moon,  &c.  If  the  dgures  of  them  made  of 
wood,  be  wetted  with  the  white  of  an  egg,  and 
then  covered  over  with  the  phofphorus,  a dafli 
from  the  difeharge  of  an  electrical  jar  will  illu- 
minate^  the  phofphorus  as  well  as  the  light  of  the 
' day. 

By  a variety  of  experiments  made  with  this 
phofphorus  it  appears,  that  when  it  had  emitted 
all  the  light  it  could  in  the  common  ftate  of  the 
atmofphere,  it  would  emit  more  on  the  applica- 
tion of  heat,  but  that  the  fame  degree  of  heat 
would  only  render  it  luminous  for  a*  certain 
time. 

Let  one  end  of  a bar  of  iron  of  about  an  inch 
fquare,  or  a poker,  be  made  red-hot,  and  laid  hori- 
zontally in  a darkened  room,  till,  by  cooling,  it 
ceafes  to  lltine,  or  is  barely  vifible  ; then  bring  a 
little  dry  phofphorus,  which  has  been  expofed  to 
the  light,  in  a glafs  ball  hermetically  fealed  as  near 
the  hot  iron  as  poffible;  and  the  phofphorus,  though 
inviiible  before,  will  in  a few  feconds  begin  to 
Ihine,  and  will  difeharge  it’s  light  fo  very  fair, 
as  to  be  entirely  exhauited  thercoi  in  lefs  than  a 
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TTiinute,  and  will  Ihinc  no  more  by  the  fame  treat- 
ment till  it  has  been  again  expofed  to  the  light. 
By  this  heat  light  received  from  a candle,  or  even 
from  the  moon,  may  be  feen  fcveral  days  after; 
and  phofphorus  that 'will  afford  no  more  liglit  by 
the  heat  of  boiling  water,  will  fliine  again  by  the 
heat  of  hot  iron.  By  means  of  this  heat,  phof- 
phorus,  which  had  been  kept  in  darknefs  more 
than  fix  months,  was  found  to  give  a confiderable 
degree  of  light. 

Mr.  IVilfon^  in  his  treatife  on  phofphori,  has 
•made  a variety  of  experiments  on  oyfter-lhells  cal- 
cined, and  combined  with  nitrous  acid,  and  without 
it ; in  all  cafes  they  acquired  the  phofphoric  qua- 
lity in  a very  high  degree.  He  poured  fome  aqua 
fortis,  previoufly  impregnated  with  copper,  on  a 
quantity  of  calcined  oyfter-fnells,  fo  as  to  form 
them  into  a kind  of  pafle  ; this  pafte  was  put  into 
a crucible  in  a pretty  hot  fire,  for  about  40  mi- 
nutes. • Having  taken  out  the  mafs,  and  w'aited 
till  it  was  cool,  he  prefented  it  to  the  external 
licrht ; on  bringing  it  back  fuddenly  to  the  dark, 
he  was  furprifed  with  the  appearance  of  a variety 
of  colours  like  thofe  of  the  rainbow,  but  much 
more  vivid.  In  confequcnce  of  this  appearance 
of  the  prifmatic  colours,  he  repeated  the  experi- 
ment in  various  ways;  combining  the  calcined 
oyftcr-lhells  wdth  different  metals,  and  metallic  fo- 
lutions ; with  the  different  acids,  alkaline,  and 
neutral  falts  ; as  well  as  with  fulphur,  charcoal,  and 
other  inflammable  fubftanccs ; and  by  all  of  thefe 
die  produced  phofphori  which  emitted  varioufly 
coloured  light. 

What  IS  more  remarkable,  he  found  that  oyr- 
ffer-fliells  pofleffed  the  phofphoretic  quality,  and 
would  exhibit  the  prifmatic  colours,  inafurprifmg 
degree;  and  for  this  purpofe  nothing  more  was 
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necelTary  than  to  put  them  in  a good  fea-coal  fire, 
and  keep  them  there  for  fome  time.  On  fcaling 
off  the  internal  yellowifh  furface  of  each  fhell, 
they  become  excellent  phofphori,  and  exhibit  the 
moft  beautiful  and  vivid  colours. 

From  Mr.  Wilfon’s  experiments  it  appears, 
that  fire  or  inflammable  matter  is  efTentially  necef- 
fary  towards  producing  prifmatic  colours  in  phof- 
phoric  fubftances  ; that  there  is  no  particular 
difpofition  in  the  Ihell  to  exhibit  any  particular 
colour  without  the  aid  and  afTiffance  of  the  inflam- 
mable principle  ; and  that  the  feveral  parts  of  the 
fliells  exhibit  fuch  colours  as  correfpond  Vv^ith  the 
different  quantities  of  inflammable  matter  that 
they  refpedtively  contain. 

The  inflammable  principle  appears  to  be  fo 
weakly  combined,  that  it  is  eafily  difengaged  in 
confequence  of  the  adtion  of  light. 

Mr.  Beccaria  attempted  to  fhew,  that  phof- 
phorus  emitted  the  very  fame  light  that  it  received, 
and  no  other ; and  Dr.  Prieflley  concluded  from 
hence,  that  Zanotti  was  wrong  in  afferting,  that 
phofphori  fhine  'by  their  ow?i  native  light y after 
they  have  been  kindled  by  foreign  light.  Zanotti 
appears,  from  Mr.  Wilfon’s  experiments,  to  have 
been  conliderably  nearer  the  truth  than  Dr.  P. 
apprehends ; as  he  feems  fully  to  have  difproved, 
by  his  numerous  and  accurate  experiments,  the 
opinion  of  Beccaria. 

The  experiments  on  phofphori  may  perhaps 
be  accounted  for  by  confidering,  that  as  an  heated 
iron,  which  is  dark  By  day-light,  appears  red  and 
fiery  when  carried  into  a dark  room,  having  ac- 
quired but  a part  of  that  ignition  which  renders  it 
juminous  in  the  open  day-light ; fo  other  bodies 
are  capable  of  an  incipient  ignitioiiy  which  is  per- 
ceptible to  the  eye  inartificial  darknefs;  and  it  is 
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this  incipient  ignition  which  brings  them  under  the 
denomination  of  phojphori.  It  is  remarkable,  that 
a degree  of  light  is  difcernible  in  heated  oil,  when 
viewed  in  fuch  a dark  medium ; and  that  even 
cold  water  does  not  immediately  extinguifli  the 
light  imbibed  by  fugar,  gum,  paper,  &c. 

It  has  long  been  obferved,  that  bodies,  when 
beginning  to  putrify,  enait  light  : this  has.  been  ob- 
ferved in  meat,  filh,  and  particularly  in  wood ; in 
meat  the  foftell  parts  are  moft  luminous,  it  looks, 
when  in  this  (fate,  as  if  fprinkled  over  with  gems, 
and  upon  touching  it  the  luminous  particles  come 
off  on  your  fingers  : this  however  does  not  take 
place  before  a certain  degree  of  putrifadtion  is 
induced,  and  ceafes  after  it  has  proceeded  to  a fur- 
ther degree. 

The  luminous  appearance  of  the  fea  has 
long  been  known,  and  varioufly  accounted  for;  it 
now  feems  to  be  generally  attributed  to  a phof- 
phoretic  appearance,  arifing  from  putrihed  mate- 
rials, from  tifli  and  vegetables,  which  rife  to  the 
furface  of  the  water  in  the  form  of  feum,  ai\d  when 
agitated  yield  more  light  than  when  at  reft: 

There  is  a remarkable  difference  between  ihe 
light  of  rotten  wood,  fifties,  and  that  of  phofphorus 
of  urine,  even  when  it  is  not  in  an  ignited  ftate ; 
for  this  laft  does  not  ceafe  to  be  luminous  even 
when  included  within  an  exhaufted  receiver  ; the 
contrary  of  which  happens  to  rotten  wood  and 
ftfhes.  When  kept  in  water,  and  placed  in  warm 
air,  the  phofphorus  of  urine  difeharges  fuch  large 
and  bright  flafhes  into  the  air  above  it,  as  are  apt 
to  furprife,  and  even  to  frighten  thofe  who  are  un- 
acquainted with  it. 

Fhofphoriy  in  the  moft  extenfive  meaning  of 
the  w’ord,  may  be  confidered  as  bodies  givino* 
light ; though  more  properly  they  are  thofe  bodiet 
which  give  a faint  light,  (viftble  only  in  the  dark) 
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upon  being  rubbed,  or  after  having  been  expofed 
to  the  influence  of  light.* 

Bodies  Ihine  in  the  dark  in  confequence  of  an 
excefs  in  their  heat,  and  by  the  emiffion  of  this 
light  the  heat  is  in  fome  degree  difllpated  ; the 
fubftance  of  the  body  is  thus  changed  in  it’s  tein- 
' perature,  or  in  relation  to  heat. 

Bodies  emit  light  alfo  in  confequence  of  the 
refolutionofphlogillic  matter,  which  had  been  con- 
tained in  their  fubibince  or  compoiition. 

But  bodies  alfb  emit  light  without  being  fen- 
iibly  aflfedied  in  their  temperature,  or  having  the 
compofition  of  their  fubftance  changed ; thk 
change  may  be  effedled  by  that  adlive  principle, 
which  there  are  many  reafons  for  fuppofing  to  re- 
fide  on  the  furfaces  of  bodies. 

That  particular  fpecies  of  bodies  which  have 
a peculiar  power  in  their  fubftance,  bv  which  inci- 
dent light  is  reflected,  or  which  have  a power  of 
abforbing  light,  do  not  become  phofphoretic  by 
having  the  powers  of  their  furfaces  excited  by  fric- 
tion or  incident  light ; but  thofe  bodies  which  do 
not  thus  eminently  abforb  or  reflect  light,  and  do 
not  condudt  eledricity  by  their  fubftance,  are  all 
in  fome  degree  phofphoretic. 

That  the  light  emitted  from  the  phofplvoretic 
body  is  not  the  identical  light  to  which  the  body 
has  been  expofed,  is  proved  by  Mr.  Wilson’s  ex- 
periments. It  would  therefore  appear,  that  the 
fpecies  of  the  emitted  light  arifes  only  from  the 
particular  difpofition  of  the  phofphoretic  body, 
and  that  by  being  thus  properly  difpofed,  the  fame 
phofphoretic  bodies  may,  after  being  excited, 
emit  anyone  particular  fpecies  of  coloured  light, 
according:  to  the  manner  in  which  it  had  been  dil- 
pofed  for  this  operation  of  producing  light. 

From 

* Hutton’s  ‘‘  DifTertations  on  different  vSubjefls  of  Natural 
Ibilofophy.” 
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From  the  experiments  of  Mr.  Wilfon  it  ap- 
pears, that  it  is  not  the  exciting  light  which  is 
emitted  by  the  body  ihining  in  the  dark  ; it  is  not 
the  emitted  light,  or  light  of  the  fame  fpecies, 
which  has  the  greateft  power  of  exciting  phof- 
phoriis  to  fltine  ; but  the  light  w’hich  has  fo  great 
an  energy  in  exciting  the  phofphorus,  is  that  fpc- 
cies  of  light  which  is  placed  at  the  other  extre- 
mity of  the  prifmatic  order,  or  moh  oppofite  in 
the  rule  of  it’s  refrano'ibilitv  from  that  of  the 
emitted  light. 

Thus,  though  the  incident  light  be  a caufe-of 
iliining  by  exciting  this  quality  in  the  phofpho- 
retic  body,  yet  there  is  interpofed  another  opera- 
tion between  the  incidence  and  the  emifUon  of 
light ; and  there  is  rcafonto  fuppofe,  that  the  par- 
ticular fpecics  of  light  emitted  from  the  phofpho^ 
retie  furface,  depends  on  the  eledfric  fluid  put  in 
action  by  the  incident  light. 

Phofphoretic  and  pblogi/iic  bodies  agree  in  con- 
taining a quantity  of  light,  which  is  not  in  any 
perceived  ifate  of  hear. 

Although  phlogifbic  and  phofphoretic  bodies 
emit  light  upon  the  fame  principles,  fo  far  as  this 
depends  upon  luminous  matter  contained  in  the 
bodies,  which  is  fet  at  liberty  during  the  operation, 
by  which  it  is  rendered  luminous ; yet  the  manner 
in  which  the  luminous  matter  is  fet  at  liberty,  is 
very  different,  as  is  that  alfo  by  which  the  lumi- 
nous matter  is  retained.  The  expofure  to  the  at- 
mofphere  is  effential  to  the  emilFion  of  light  from 
phlogijiic  bodies  ; but  this  is  a circumilance  indif- 
ferent or  unnecdlary  for  the  fame  operation  in 
thofc  that  are  phofphoretic.  In  phofphoretic  bodies 
there  is  no  diltcrcncc  perceived  after  they  have  loft 
their  fliining  qualities  ; but  this  is  not  the  cafe 
with  phlogijiic  bodies,  w’hcre  the  greateft  diffe- 
rence? is  perceived  on  the  abftra6lion"of  theiiTumi- 
nous  matter. 
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Phofphoretic  bodies  furnifli  us  with  a ftrong 
additional  proof  of  a principle  already  noticed, 
that  light  is  matter  which  may  continue  for  forne 
time  therein  without  exciting  heaty  and  may  be 
again  feparated  therefrom,  and  refiime  it’s  charader 
of  light,  as  will  appear  by  confidering, 

I ft.  That  a phofphoretic  body  is  made  lumi- 
nous only  by  it’s  having  been  expofed  to  light, 
odly.  That  it  muft  be  expofed  to  light  of  a certain 
intenfity.  3dly,  That  provided  the  light  falling 
upon  the  phofphoretic  body  be  fufficiently  intenfe, 
the  moft  inftantaneous  expofition  fufhces  to  fatu- 
rate  the  body,  fo  as  to  make  it  emit  light  viftble  in 
^the  dark,  equally  as  if  it  had  been  expofed  thereto 
for  a longer  time. 

It  follows  from  hence,  that  light  is  matter,  and  . 
that  this  folar  fubftance  may  be  retained  in  con- 
nection with  a body,  either  upon  it’s  furface,  or 
conneded  with  the  gravitating  matter  of  which 
the  body  confifts. 

General  Observations  concerning  several 
Operations  OF  Light  in  Relation  to  Bodies. 
Extracted  from  Dr.  Hutton’s  '^Disserta- 
tions ON  different  Subjects  of  Natural 
Philosophy.” 

A body  heated  to  an  intenfe  degree  gives 
light,  and  light  may  be  conlidered  as  matter  moving 
in  a ftrait  courfe  direded  from  a body.  It  is  a 
matter  of  general  obfervation,  confirmed  by  the 
experiments  of  Mr.  Pidet,  that  the  intenfity  of 
heat  in  a body  is  diminifiied  in  proportion  to  the 
light  which  is  emitted  from  the  body. 

Light  emitted  from  a hot  body,  and  meeting 
ill  it’s  courfe  with  a colder  body,  whofe  tempera- 
ture may  be  accurately  meafured,  may  be  either 
reflcded  from  the  furface  of  the  oppofing  body,  or 
extinguifticd  within  the  fubftance  of  the  body.  In 
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this  laft  cafe,  if,  in  proportion  to  the  light  extin- 
guifiied  in  the  body,  the  intenfity  of  heat  be  in- 
creafed,'  it  may  be  concluded,  that  fire  is  moved 
from  the  body  in  light,  but  the  intenfity  of  heat 
in  a body  is  increafed  in  proportion  as  light  therein, 
is  extinmiifhed ; it  therefore  is,  as  to  matter,  the 
fame  with  fire.  - 

Heat  and  light  may  thus  be  confidered  as  dif- 
ferent modifications  of  the'  fame  matter,  or  dif- 
ferent actions,  according  to  the  feveral  conditions 
in  which  that  matter  may  be  placed. 

. Light,  which  is  incident  in  relation  to  a body, 
may  be  either  refledled  or  tranfmitted,  or  both,  and 
that  in  greateft  part.  So  far  as  light  is  reflecfled 
from  the  furface,  or  tranfmitted  through  the  fub- 
ftance  of  a body,  no  heat  flaould  be  excited  in  con- 
fequence  of  this  modification  of  matter,  which  is 
not  that  of  heat.  This  is  confiftent  wdth  obferva- 
tion,  for  no  heat  is  excited  by  refledled  or  tranf- 
mitted light. 

Byi  re  the  volume  of  bodies  may  be  changed, 
by  light  the  figure  of  bodies  may  ht  perceived  ; but 
we  know  not  whether  fire  and  light  have  a proper 
bodily  form  ; yet  their  exiffence  is  manifefted  by 
their  cffedls  ; their  adlions,  or  laws  of  motion,  are 
inferred  or  difeerned  by  reafon. 

Nothing  is  more  diflind  than  light  and  fire 
in  their  proper  fcnfible  qualities,  but  thefe  fenfiblc 
qualities  are  conditional.  On  the  one  hand,  fire 
is  not  felt,  if  the  fenfitive  body  preferves  it’s  na- 
tural or  proper  quantity  of  this  fubftance ; on  the 
other  hand,  light  is  not  perceived  when  falling  on 
the  fkin  or  hands.  As  the  conditions  therefore 
neceffary  to  the  produd:ions  of  thofe  feveral  fen- 
fations  are  perfedtly  different,  from  thofe  different 
fenfations  we  cannot  conclude  the  matter  employed 
in  both  is  not  the  fame. 

Bodies  in  relation  to  light  are  either  luminous 
2 or 
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or  illuminated.  It  is  only  by  means  of  light  that 
bodies  become  vifible,  and  this  light  mult  proceed 
from  luminous  bodies. 

As  bodies,  by  having  the  intenfity  of  their 
heat  fufficiently  incrcafed,  may  become  luminous 
or  made  to  emit  light  ; if  the  light  of  bodies  is 
coniidered  in  this  moil  general  view,  the  clafs  of 
luminous  bodies  will  be  thereby  greatly  augmented. 

In  order  to  didinguilh  bodies  that  are  pro- 
perly luminous  from  thofe  that  only  e?nit  light  in 
confequence  of  heaty  it  will  be  proper  to  obferve, 
that  bodies  emitting  light  in  this  laft  manner,  are 
not  changed  further  than  neceffarily  follows  from 
the  operation  by  which  the  proper  degree  of  heat 
is  produced  ; confequently  thefe  bodies  may  return 
to  their  former  ftate,  and,  by  being  again  heated, 
may  have  thefe  operations  repeated  without  limi- 
tation. But  bodies  properly  luminous  are  limited 
'in  the  quantity  of  light  which  they  had  retained, 
and  which  they  are  able  to  emit ; after  which 
thofe  bodies,  exhaufled  of  their  proper  light,  can 
only  be  luminous,  in  confequence  of  fire  ading 
as  heat. 

Bodies  that  are  eminently  luminous  mufl:  emit 
a quantity  of  light  which  had  been  contained  in 
them  ; fuch  bodies  mull:  therefore  contain  a cer- 
tain fpccies  of  matter  in  their  fubflance,  and  this 
is  c^iWdd  phlogijlic  inflammable  or  comhuftible  matter^ 
Now  this  phlogiflon  may  in  the  chemical  operations 
of  matter  be  tranflated  from  the  fubflance  of  one 
body  to  another;  by  which  means  bodies  are  made 
phlogiftic,  or  capable  of  becoming  eminently  lu- 
minous, that  were  not  fo  before. 

All  bodies  that  are  made  to  give  light  require 
a-  certain  degree  of  heat,  without  which  they  will 
remain  without  giving  light  ; fo  that  all  bodies  that 
are  to  emit  light,  whether  properly  luminous  or  not, 
agree  in  having  the  emilTion  of  light  as  a confe- 
quence 
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qucnce  of  heat,  and  in  requiring  a certain  inten- 
litv  of  heat  as  a necclfary  condition  for  the  einif- 
lion  of  light:  fo  far  as  this  is  the  cafe,  without 
heat  bodies  could  not  give  light. 

Ideated  bodies  endtting  light,  I have  already 
obferved,  are  thereby  continually  loling  heat,  while 
colder  bodies  expofed  to  light,  are  receiving  heat; 
fuch  bodies  therefore  mult  have  both  their  heat 
and  light  continually  diminiflied, ' by  forming  an 
equilibrium  of  heat  with  contiguous  and  furround- 
ing  bodies. 

Jt  is  otherwife  with  combuftible  bodies,  foi" 
though  thefe  require  a certain  degree  of  heat  as  a 
condition  of  their  emitting  light  ; yet,  as  they  alfo 
emit  light  upon  other  principles,  fo  during  their 
cmifTion  of  light,  appearances  take  place  very  dif- 
ferent from  thole  of  bodies  that  arc  only  luminous 
by  the  intenlity  of  their  heat. 

'The  folar  fubftance  appears  to  be  varioufly 
modified  in  relation  to  bodies,  or  differently  dif-  < 
pofed  with  regard  to  fpaceand  things  ; it  is  in  one 
place in  another  lights. in  a x.\i\r(\  ele^riciiy. 
In  each  of  thefe  modifications  there  are  properly 
perceived  actions  with  different  intentions,  but 
not  oppolite  natures.  From  various  fimilitudes, 
the  feveral  actions  are  concluded  as  beloneincr  to 
the  fame  kind  of  matter,  Irom  the  feparate  pur- 
pofes  perceived  in  their  various  diftinguiflicd  or 
different  modifications. 

Bodies,  in  relation  to  light,  may  be  diflin- 
guiflied  as  of  two  different  kinds  ; one  kind  giving 
light  of  their  own,  or  which  had  been  part  of  their 
fiibffance,  immediately  before  the  aefi;  of  emifiion  ; 
the  other  kind  giving  no  light,  except  that  with 
which  they  are  illuminated  frona  other  bodies. 
Mcnce  a general  diffindfion  of  bodies,  fome  beino- 
luminous,  others  dark  or  opake. 

Bodies,  in  relation  to  that  light  wdth  which 
4 they 
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they  are  illuminated,  are  confidered  as  of  two  kinds, 
either  tranfparent  or  opake.  Here  is  therefore 
another  fenfe,  in  which  opacity  may  be  taken  ; 
confequently,  before  the  various  affedions  of  light 
and  bodies  are  examined,  it  will  be  proper  to  have 
a diftindt  notion  of  this  quality,  which  may  per- 
haps be  confidered  in  different  fenfes. 

Opacity,  as  a quality  in  bodies,  may  be  con- 
fidered either  in  a more  limited  or  in  a more  ex- 
tenfive  fenfe ; in  the  one  cafe  it  fignifies  want  of 
tranfparency,  in  the  other  that  no  light  comes 
from  a body.  The  firft  is  a quality,  properly  or 
only  oppofed  to  tranfparency  ; the  laff  will  fignify 
darknefs  in  a body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  moft  exten- 
five  fenfe,  then,  as  there  are  two  different  princi- 
ples of  lumination  or  modes  by  which  light  may 
proceed  from  a body,  the  quality  of  opacity  may 
be  examined  in  relation  to  each. 

Light  properly  belonging  toa  body,  being  emit- 
ted, is  faid  to  come  from  a luminous  body  ; there- 
fore opacity  in  being  applied  to  a body,  may  mean 
a body  that  emits  no  light  of  it’s  own.  But  as, 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it’s  fubffance’s  opacity,  in 
this  particular  fenfe,  will  mean  a quality  only  in 
relation  to  the  fubftance  of  the  body,  and  net  to 
it’s  form,  tliat  is,  to  it’s  figure  and  volume. 

At  the  fame  time  that  this  quality  of  opacity 
is  thus  found  to  be  applicable  only  to  the  fubhance 
of  a body,'  it  muft  alfo  appear  that  this  is  only  a 
negative  quality,  meaning  that  the  body  has  no 
light  of  it’s  own  to  emit ; or,  if  it  does  contain  lu- 
minous, matter,  that  there  are  not  proper  condi- 
tions for  the  emiffion  of  that  fubflance. 

With  regard  to  the  other  mode  of  giving 
light,  when  a body  may  have  opacity,  or  fliall  be 
confidered  as  opake,  this  relates  to  incident  or 

foreign 
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foreign  light.  Light  falling  cn  a body  may  be 
cither  rehceded,  in  which  cafe  it  illurninatcs  the 
body,  or  it  may  be  tranfmitted,  in  which  cafe  the 
body  is  tranfparent  ; in  neither  of  thofe  two  cafes^ 
is  opacity,  as  a quality,  nccelTarily  perceived  in 
that  body.  But  light  entering  the  furface  of  the 
body,  and  being  there  retained  without  immediate 
cmifTion,  here  is  to  be  perceived  a quality  in  the 
body,  which,  at  the  fame  time  that  it  is  a pofitive 
quality,  is  alfo  properly  fpeaking  the  quality  of 
opacity,  as  being  oppofed  to  the  tranfmiHion  of 
light,  which  is  tranfparency. 

In  this  cafe  of  opacity,  confidered  as  a pofi- 
Uve  quality,  no  relation  is  to  be  perceived  between 
form,  figure,  or  volume,  the  proper  qualities  of  a 
body,  and  this  quality  or  powxr  in  relation  to  light; 
therefore,  opacity,  in  this  moft  proper  fenfe,  muft 
be  confidered  as  a quality,  which,  W'hild  it  is  po- 
fitive, belongs  only  to  the  fubBance  of  the  body, 
and  may  be  properly  examined  without  attending 
to  the  form  or  volume. 

Tranfparency  confiding  in  the  free  tranfmif- 
fion  of  light  through  a body,  the  abfolute  folidity 
of  the  particles  of  matter  in  a body  muff  be  incon- 
fident  with  that  quality  ; for,  as  tranfparent  bodies 
tranfmit  light  equally  in  all  diredlions,  it  is  only 
by  Aippofing  the  redding  parts  of  the  body  to  be  to 
the  unrefiding  parts,  in  a ratio  lefs  than  any  adlgn- 
able  proportion,  that  this  quality  of  perfedf  tran- 
Iparency  can  be  thought  confident  with  the  exten- 
lion,  and  direct  motion  of  the  rays  of  light.  At 
the  fame  time,  in  judging  from  the  hardnefs  and 
incom.prclfibility,  if  thefe  are  fuppofed  to  depend 
upon  the  folidity  of  the  fubdance,  there  mud  be  a 
great  proportion  of  matter  in  the  body. 

But  as  there  is  no  reafon  to  doubt  of  the  per- 
fect tranfparency  of  bodies,  confidered  folcly  as  a 
tranfrnitting  quality,  there  is  perhaps  every  reafon 
VoL.  II.  G g that 
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that  can  be  drawn  from  the  concurring  teftimony 
.of  natural  appearances,  to  juftil'y  the  fuppofition, 
that,  in  a tranfparent  body,  the  abfolute  volume 
of  matter,  neceilarily  oppofing  the  palfage  c^f 
light,  and  the  abfolute  volume  of  the  parts  of  light 
that  mud  neceilarily  be  oppofed  in  palling  through 
that  body,  are,  to  the  red  of  the  fpace,.  in  a ratio 
Ids  than  any  alfignable  proportion.  This  being 
the  cafe,  it  mud  be  evident,  that  thofe  two  quali- 
ties of  tranfparency  in  relation  to  the  rays  of 
light,  and  redding  power  in  relation  to  external 
force,  are  things  plainly  inconfident,  if  we  are  to 
fiippofe  folid  matter  to  be  the  principal  of  bo- 
dies. 

On  the  other  hand,  opacity,  conddered  as  a 
quality  by  which  tranfmiHion  through  the  fub- 
liance  of  a body  is  refufed,  will  appear  not  to 
arife  from  the  necclfary  reddance  of  the  matter  in 
a body  to  the  rays  of  light  from  it’s  extenlion,  nor 
from  the  mechanical  difpodtion  of  that  matter  in 
any  conceivable  manner  ; for,  id,  According  to 
any  way  of  forming  a judgment,  with  regard  to 
the  quantity  of  matter  in  a body,  that  quantity  does 
not  ap|;ear  to  have  any  induence  in  producing 
opacity. 

2dly,  The  fmallcd  examinable  quantity  of 
matter,  lufticicntly  opakc,  appears  to  be  as  cdec- 
tual  to  interrupt  the  pad'age  oi  light,  as  the  greated 
quantity  of  matter  not  fufficiently  opake  ; at  the 
lame  time  this  quality  of  opacity  in  a body,  does 
not  appear  to  be  altered  by  any  mechanical  change 
or  dilpolition  of  the  parts  : therefore,  though  the 
rranfparency  of  bodies  were  explicable  from  the 
luppodtion  of  infinite  drength,  and  infinite  rarity, 
in  the  folid  matter  and  condruction  of  bodies,  this 
theory  or  fuppodtiim  would  dill  be  inconliflent 
ith  the  oppodte  quality,  that  is,  opacity  in  bodies; 
for,  yhilc  the  greated  quantity  of  a denfe  tranf- 
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pafent  fubBance  tranfmits  light  perfe(5lly  in  every 
pohible  dircdtion,  the  fmallelt  quantity  of  a rare 
opake  fubftancc  fuffices  to  arrefl  light  or  retain  it, 
without  rcfledion  or  tranfmiflion.  It  is  thus  im- 
pofiiblc,  upon  mechanical  principles,  to  reconcile 
thole  two  different  qualities  of  bodies  ; therefore, 
independent  of  the  infurmountable  difficulty  of 
conlfruding  the  folid  matter  of  bodies  for  thofe 
two  oppofite  purpofes,  here  is  a demonflration, 
from  the  fimple  quantities  of  the  matter  in  bodies, 
by  which  it  is  proved,  that  opacity  does  not  arife 
from  any  mechanical  confirudtion  of  folid  matter ; 
and  therefore,  that  bodies  are  not  compofed  of 
folid  matter  and  fpace,  feparate  and  contiguous. 

Light  appears  to  pals  through  the  fubftance 
of  a homogeneous  tranfparent  body  with  equal  fa- 
cility, as  it  is  conceived  to  move  in  the  rareft  or 
voideft  fpace  ; confequently,  the  matter  of  fuch  a 
body  makes  no  fenfible  relillance  to  light.  There- 
fore it  may  be  inquired,  what  kind  of  matter  is  this, 
that  has  not  the  power  of  refilling  light  ? Or,  w hat 
particular  powers  in  bodies  are  alfociated  with  this 
deficiency  of  power  in  relation  to  light? 

The  hardej}  and  JoftcJl  bodies  are  equally  trahf- 
parent ; light  does  not  appear  to  be  tranfmitted 
through  a diamond  with  lefs  facility  than  through 
the  air  : therefore,  that  pow  er  in  bodies,  which 
relihs  the  motion  of  the  parts  in  relation  to  each 
other  with  fo  great  intenlity,  does  not  refill  the 
motion  of  light,  or  this  particular  modification  of 
matter. 

Fluid  and  concreted  bodies,  water  and  cryftal, 
arc  equally  tranfparent  ; *confequently,  that  power 
by  which  the  parts  of  bodies  arc  diredlcd  to  parti- 
cular litiiations,  docs  not  interpofe  any  relillance 
to  the  palfage  of  light. 

Heavy  bodies  may  be  tranfparent,  as  well  as 
lighter  bodies  ; glafs  ofjead,  cryjialjce,  air,  are  all 

^ g 2 tran- 
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tranfparent  bodies  ; therefore,  as  the  matter  of 
light  appears  to  have  no  gravitating  power,  the 
power  of  gravitation  in  bodies  makes  no  oppoii-  ■ 
tion  or  reliilance  to  the  motion  of  light. 

Ihc  particular  attractive  powers  of  fubflanccs- 
appear  to  be  no  more  difpofed  to  renit  the  matter 
- of  light,  than  the  general  powers  of  bodies  which 
have  been  coniidered ; thus  air,  water,  acid,  al- 
kali, and  neutrals,  are  all  tranfparent. 

Therefore,  from  the  examination  of  bodies 
W'ith  regard  to  tranfparency,  this  general  conclu- 
lion  may  be  formed,  that  attractive  gravitalivg 
matter  in  bodies  appears  to  have  no  power  calcu- 
lated to  oppofe  and  rcfifr  light. 

But  in  opake  bodies,  there  are  pow’crs  by 
which  light  is  cifedtually  relifled. 

In  the  tranfparent  bodies  already  examined, 
every  fpecies  of  fubftance  has  been  coniidered,  ex- 
cept one;  and  this,  which  is  phlogijiic  fubftance, 
not  yet  examined  with  regard  to  light,  has  been 
found  capable  of  oppofing,  refifting,  and  chang- 
ing every  general  attraclive  or  gravitating  power 
in  bodies  : therefore,  on  finding  "-his  fubftance 
properly  adapted,  whether  in  a mediate  or  imme- 
diate manner,  for  the  oppolition,  rciiffance,  and 
change  of  light,  the  qualities  of  tranfparency  and 
opacity  in  bodies  will  be  properly  explained  ; at 
the  fame  time  that  this  natural  appearance  of 
tranfparent  and  opake  bodies  being  in  perfect  con- 
iiftency  with  the  theory  of  matter  already  invefti- 
gated,  will  add  that  coniirm.ation  which  inphylical 
fubjebts  is  required. 

Tranfparent  bodies  have  been  confidcrcd  as 
not  affecting  the  light,  w hich  thus  traverfes  their 
fubflancc  with  perfeCt  facility  ; but  it  is  a necef- 
fary  condition  for  this  purpofe,  that  the  fubflancc 
be  homo'geneous,  and  equal  in  it’s  denlity,  or,  that 
the  body  be  fufficicntly  uniform  in  relation  to  the 
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volume  occupied  by  it’s  Icvcral  parts;  for  a greater 
degree  of  denfity  in  one  part  of  a body,  otherwife 
pcrfe^lly  homogeneous,  dilpoJes  the  body  to  afied: 
the  light  in  that  part  where  the  change  ol  denfity 
takes  place. 

Hence  the  furfaces  of  contiguous  bodies,  which 
are  tranfparent,  but  of  dilFerent  denlities,  arc  ob- 
ferved  to  affect  light  in  different  ways,  and  ac- 
cording to  a certain  rule. 

Thus  rehedion,  refradion,  and  extindion,  are 
affedions  of  light  by  tranfparent  bodies,  the  rule 
or  laws  of  which,  to  the  honour  of  philofophy, 
have  been  fo  well  inveffigated. 

From  the  particular  laws  obferved  in  thofe 
cafes,  there  is  rcafon  to  conclude,  that  there  are 
certain  powers  fituated  in  a place  correfponding  to 
the  furfaces  of  bodies,  by  which  light,  that  other- 
wife  would  be  unaffedted,  may  be  both  defleded  in 
it’s  courfe,  and  arrelled  in  it’s  motion.  But  on 
confidering  eledricity,  there  are  found  certain 
powers  fituated  precifely  in  this  place  ; and,  as  the 
matter  of  eledricity,  which  is  properly  fituated  in 
this  place,  and  that  proper  to  phlogiftic  fubhance 
by  which  alone  light  has  appeared  to  be  affeded, 
arc  of  the  fame  kind,  being  different  modiffcations 
of  the  fame  fpecies  of  matter,  there  is  rcafon  to 
conclude,  that  the  powers  by  wdiich  light  is  af- 
feded at  the  furfaces  of  tranfparent  bodies,  are  of 
the  fame  nature  with  thofe  by  w'hich,  in  opake  bo- 
dies', light  is  alfo  found  to  be  affeded. 


4o4  Lecture.5  on  Natural  Philosophy^ 


Of  the  Inflections  of  the  Rays  of  Light 

-WHICH  PASS  IN  THE  VlClNITIES  OF  BODIES. 


1 HE  experiments  on  this  fubjccl  by  Sir 
i.  Newton  were  the  laft  that  he  made,  and  are  ac- 
knowledged by  himfelf  to  be  incomplete;  thofe 
who  have  followed  him  in  this  delicate  and  im- 
portant department  of  natural  philofophy,  have 
Gone  little  more  than  added  fome  infulatcd  fadts  to 
ihofe  obferved  by  him.  The  law  followed  by  the 
powers  that  infled  the  light,  and  the  limits  of  it’s 
adion,  are  yet  unknown.  One,  however,  of  the  ge- 
neral refults  from  the  experiments  is,  that  bodies  acl 
upon  light  at  /mail  dijlances  by  attrabtion  and  repaid 
fion. 

If  a beam  of  the  fun’s  light  be  admitted  into 
a darkened  chamber,  through  a hole  of  the  breadth 
of  a forty-fccondth  part  of  an  inch  or  thereabouts, 
the  fliado'ws  of  hairs,  threads,  pins,  firaws,  &c. 
appear  confidcrably  huger  than  they  would  be  if 
the  light  paffed  by  them  in  flrait  lines.  For  ex- 
ample, a hair  whofe  breadth  was  the  280th  part  of 
an  inch  being  held  in  this  light,  at  about  j 2 feet 
from  the  hole,  cafl:  a (liadow,  which  at  the  diflancc 
of  4 inches  from  the  hair  was  the  60th  part  of  an 
'inch  broad,  that  is,  above  four  times  the  breadth  of 
the  hair.  And  the  effed  is  the  fame,  though  the 
denfity  of  the  medium  contiguous  to  the  fmall 
body  be  altered,  the  Ihaclow  at  like  di fiances  being 
T'qual,  whether  it  was  in  the  open  air,  or  iriclofed 
between  tw  o plates  of  w et  glals,  care  being  taken 
that  the  incieience  and  enierg.ence  of  the  ray  was 
perpendicular  to  the  glaifes.  1 he  fcratchcs  on 
the  furface,  or  veins  in  the  glafs,  caft  fnadows 
proiidtr  than  they  ought  to  be,  from  the  ufual  rev 
' ■ ' ^ fradion 
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fnae^ion  'which  niight  arife  froiH  any  aclion  of  the 
ambient  medium. 

Let  X,  2,  pi.  ^ hair  placed  in  the^ 

beam;  A D G,  b E H,  KN  Q,  L/OR,  rays  ol 
light  paOing'  by  the  lidcs  ot  it,  are  bent  at  x,  and 
falling  upon  the  paper  C/  O,  the  two  rays  i 1,  VS, 
pafs  by  the  hair  without  being  deBedted  ; but  all 
the  rays  between  T I and  V S are  bent  in  palling 
by  the  hair,  and  turned  alide  from  the  fliadow  1 S. 
The  light  palling  ncarelt  the  hair,  as  at  D and  N, 
is  moll  bent  palling  to  G and  O ; tliofe  that  are 
farther  off,  as  at  E and  O,  are  Ids  bent ; and  fooii 
to  TI  and  VS-:  confequently  the  action  upon  Lhc 
rays  of  light  is  ftrongeft  at  the  Jeaft  dihaiices,  and 
grows  weaker  and  weaker  as  the  diftance  of  the 
ray  pairing  by  is  increafed. 

The  lltadows  of  all  bodies  in  this  light  are 
bordered  with  three  parallel  fringes  of  coloured 
light ; the  neardf  to  the  lhadow  Is  the  brighteft, 
and  the  furthdl  very  faint  ; the  order  of  the  co- 
lours, reckoning  from  the  innermolf,  are  violet, 
blue,  green,  yellow,  red.  On  looking  at  the  fun. 
through  a feather  or  black  ribbon,  held  clofc  to 
the  eye,  fcveral  fringes  of  colours  will  appear. 

Let  a beam  of  the  .fun’s  light  be  admitted 
through  a hole  ^ of  an  inch  broad;  place  a Bicct  of 
palleboard,  blacked  on  both  fidcs,  at  about  3 feet 
from  the  hole  ; in  the  middle  of  the  palleboard 


let  there  be  a hole  1 ot  an  inch  fquare  for  the  light 
to  pafs  through;  behind  the  palleboard  fallen  the 
blade  of  a lharp  knife,  lb  as  to  Hop  part  of  the 
light  going  through  the  hole.  1 he  knife  and 
palleboard  are  to  be  parallel,  and  both  to  be  at 
right  angles  to  the  beam.  Let  a part  ol  the  lights 
which  palfes  by  the  knife  edge,  fall  upon  a white 
paper.at  about  3 feet  dillancc,  and  there  will  be 
two  llreams  of  light  Ihooring  out  both  w’ays  into 
the  lhadow,  fomewhat  like  the  tails  of  comets^ 

(i  pr  A d'hde 
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Thcfe  rtreams  being  very  faint,  it  is  neceflary,  in 
order  to  fee  them  diliindly,  to  let  the  direct’ rays 
pafs  through  a hole  in  the  paper  on  a piece  of 
black  cloth  j the  light  of  the  fTreams  is  then  per- 
ceptible on  the  paper  to  the  diftance  of  6 or  8 
inches  from  tlie  fuirs  direct  light  each  wav,  and  in 
all  the  progrefs  from  that  chrcct  light  decrcafes 
gradually  till  it  becomes  infenlible. 

Placing  another  knife  with  it’s  edge  very  near 
and  parallel  to  the  hrfr,  if  they  be  diihant  the 
^OOlh  part  gf  an  inch,  the  flream  of  light  paffing 
between  them  will  be  divided,  parting  in  the  mid- 
dle, leaving  a dark  fiiadow'  in  the  interval  ; as  the 
edges  approach,  the  fhadow  grows  broader,  anel 
the  jfream  narrower  at  the  inner  end  ; fo  that  tlie 
light  that  is  leaft  bent  goes  to  the  inner  end  of  the 
iircam,  and  palies  at  the  greated  dillan.ee  from  the 
edges.  This  dillance  is  about  the  Sooth  part  of  an 
inch;  when  the  Ihadow^  begins  firll,  the  light  w hich 
pafics  at  lefs  didunccs  is  more  bent,  and  goes  to 
that  fide  w hich  is  farthed  from  the  direed  light  ; 
a little  before  the  diadows  appear,  the  fringes  com- 
mence on  both  hides,  and  as  the  knives  approach 
they  grow'  more  didinCt  and  larger,  till  upon  con- 
tadt  of  the  knives,  the  whole  light  vaniihes,  leav- 
ing it’s  place  to  the  fn  ad  own 

Admit  a beam  of  the  fun’s  light  through  a 
fmall  hole,  made  by  a pin,  in  a thin  plate  of  lead, 
and  place  a prifm  at  the  hole  to  refract  the  light 
on  the  oppolite  wall.  The  diadows  of  all  bodies 
held  in  the  coloured  light  arc  borderd  with  fringes 
of  the  colour  of  that  light  in  which  they  are  held  ; 
in  the  red,  they  are  red  ; in  t!ie  blue,  blue,  &c.  but 
the  friniws  in  the  red  light,  are  the  larged;  thofe 
jn  the  violet,  lead;  the  green,  between  both  ; and 
this  at  all  didanccs  from 'the  fmall  body. 

So  that  the  rays  which  made  the  fringes  in 
fhe  rpd  Jight,  paded  by  the  hair  at  a greater  dif- 
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tance  than  thofc  which  made  the  violet  fringes; 
confeqLicntly  the  hair  in  caufing  thefe  fringes  ac^ted 
fimilarly  upon  the  red  rays,  which  were  at  a greater 
eiiilancc,  as  upon  the  violet  at  lefs  diftanccs ; and 
by  thefe  actions  difpofed  the  red  light  into  larger 
fringes,  and  the  violet  into  fmalier,  &c.  without 
changing  the  colour  of  the  rays. 

When  a hair  is  held  in  a white  beam  of  folar 
light,  and  calls  a lliadow  which  is  bordered  by' 
three  fringes  of  coloured  light,  thefe  colours  arife 
from  the  various  intleClions  by  which  the  rays 
are  feparated,  and  being  feparated  produce  each 
it’s  own  colour.  In  the  lafl  experiment,  where 
the  rays  are  feparated  before  the  light  comes  to  the 
hair,  the  red  or  leafl:  refrangible  ravs  were  in- 
.fleCled  at  greater  diilances,  and  the  violet  or  mofl 
refrangible  rays  at  a lefs  diflance,  making  three 
violet  fringes  at  a lefs  diflance,  whilft  the  red 
makes  three  red  fringes  at  a greater  diflance  ; the 
mean  rays  making  3 fringes  of  their  proper  co- 
lours at  mean  diflances  from  the  fliadow  of  the 
hair.  In  the  white  light  thefe  various  colours  are 
feparated  by  the  various  infledlion  of  the  rays,  and 
their  fringes  appear  ail  together;  the  innermofl: 
being  contiguous,  make  one  broad  fringe,  com- 
pofed  of  all  the  colours  in  due  order,  the  violet 
being  next  the  fliadow,  and  the  red  farthefl:  off, 
and  the  reft  in  their  places.  In  like  manner  the 
middlemofl  fringes  conllitute  one  broad  fringe,  of 
all  their  colours,  and  the  outmoft  fringe  compofe 
another  broad  frino-e  like  the  reft;  and  thefe  are 
the  three  fringes  of  coloured  light  with  which  the 
fiiadows  of  ail  bodies  are  bordered. 

From  thefe  and  fome  other  experiments  of 
the  fame  tendency,  it  may  be  inferred  that  the 
rays  of  light  are  influenced  by  fome  power  that 
turns  them  out  of  their  diredf  road  ; and  as  this 
power  bends  the  rays  not  into  the  fliadow  of  the 
bodies  from  whence  the  influence  is  fuppofed  to 

proceed. 
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proceed,  but  from  the  fliadow,  it  has  been  con- 
iidered  as  a repullive  power  which  is  flrongefl:  at 
the  Icafl  diflance. 

Of  the  Action  of  Light  on  Bodies,  and  that 
THE  Colour  of  Plants,  6cc.  depends  on  Light. 

You  will  often  find,  that  philofophical  know- 
ledge makes  quicker  advances  by  reafoning  upon 
known  facds,  than  by  difcovering  new  ones,  which, 
tliough  they  enlarge  and  add  to  the  fubjecfls  we 
ought  to  reafon  upon,  arc  apt  by  their  novelty  to 
fur'prife  us  into  hally  undigefled  theories.  We 
have  a ftrange  propenlity  to  be  looking  either  be- 
hind or  before  us  for  variety,  inftead  of  cultivating 
the  fruitful  fpot  we  Band  upon.  I am  led  to  make 
this  and  fome  of  the  following  obfervations  from 
the  fubjedf  before  us,  which  has  been  too  much 
Hcglecided  by  modern  philofophcrs  : we  have  trea- 
tifcs  on  light,  as  feparated  and  divided  by  the 
prifm  ^ on  heat,  as -meafured  by  the  thermometer; 
but  none  on  that  ocean  of  the  folar  fluid,  in  which 
all  bodies  arc  as  it  were  immerfed  ;*  none  upon  the 
various  influences  of  the  fun,  upon  which  the  life 
and  activity  of  ail  things  in  this  natural  world  de- 
pend. They  feem  to  have  forgotten,  that  the  pro- 
cefles  continually  carrying  on  in  nature,  on  every 
lide,  are  as  much  the  inftruments  of  knowledge,  as 
the  more  refined  apparatus  of  the  experimental 
philofopher.  Senfe  and  experience  acquaint  us 
with  the  coiirfe  and  analogy  of  appearances  or 
natural  effedfs  ; thought,  reafon,  intclleft,  intro- 
duce us  into  the  knowledge  of  their  caufes. 

To  avoid  the  conjedfural  method  of  feme  for- 
mer philofophcrs,  thofe  of  the  prefentday  are  con- 
tinually labouring  to  accumulate  unconnedled 
fads  ; thinking  every  new  form,  or  every  new  ap- 
pearance. 


* Young’s  EiTay  on  ths  Power  and  Mechanifsn  of  Nature. 
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pcarance,  an  important  difcovcry;  fcldom  endea- 
vouring to  trace  out  their  connexion  with  fuperior 
and  inferior  caufes,  on  which  all  their  real  powers 
and  acitivities  depend.  If  we  ftop  at  experiments. 
V ithout  proceeding  any  iurther,  we  fliall  never  ar- 
rive at  any  caufes  ; and  if  we  rely  wholly  upon  ex- 
perimejit,  we  fhall  come  at  none  but  falfe  ones ; 
bf^emfe  the  principal  agent  in  nature  is  fo  fubtil 
as  to  elude  both  fenfe  and  experiment,  fo  that  the/ 
can  never  difeover  it,  though  wdren  we  have  been 
told  of  it  they  will  ferve  to  demonftrate  it’s  obfer- 
vations. 

The  ancients  paid  little  attention  to  experi- 
mental philofophy,  but  devoted  thcmfelves,  with  a 
truly  philofophical  ardour,  to  the  obfervation  of 
the  phenomena  of  nature ; and  that  procefs  was 
confonant  to  found  reafon,  for  experiment  is  only 
properly  called  in  to  (ill  up  the  chafm  w hich  fim- 
ple  obfervation  necefiarily  leaves. 

The  department  of  experimental  philofophy 
is  the  unfolding  of  thofc  phenomena,  whofc  caufes 
cannot  be  difeovered  by  unaffifted  reafon,  and 
whofe  conneclion  it  cannot  trace  ; the  advance- 
ment therefore  of  this  branch  of  fcience  depends 
on  the  number  and  accuracy  of  our  obfervations 
with  refpecl  to  the  relations  which  natural  objects 
have  to  each  other. 

It  has  been  well  obferved  by  Dr.  G.  Fordyce,* 
that  all  our  knowledge  of  every  thing  whatever 
mull  arife  from  experiment  only,  that  is,  from  the 
evidence  our  fenfes  give  us  of  what  appearances 
nature,  in  other  words,  the  creatures  of  the  Al- 
mighty, give  impreirions  of.”  Yet  “ feme  of 
thefc  imprenions  are  received  from  the  ideas  that 
arife  from  things  not  at  all  under  our  dominion,  or 
from  circumftanccs  more  immediately  governed  by 
the  Almighty.  Thus,  for  example,  a man  fees  a 
ireje  lofe  it’s  leaves  in  autumn,  fees  them  renewed 

in 

* Fordyce  on  ihc  Dlgcftion  of  Food, 
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in  fpring,  and  a new  growth  takes  place  during 
the  fummer;  he  fees  the  bloifonis  open  in  the 
ipring;  thefe  he  finds  followed  by  the  fruit,  w hich, 
if  it  fails  into  the  earth,  is  capable  of  producing 
new  trees  of  the  fame  fpccies  ; or  he  fees  it*  ga- 
thered by  animals,  and  affording  nourifnment.  ^^In 
this  mode  of  acquiring  knowledge  man  is  totally 
faffive  ; he  did  not  contrive  to  make  leaves  fall  in 
the  autumn,  and  be  reproduced  in  fpring  ; he  did 
not  contrive  to  make  new  wood  grow  in  the  fum- 
iner,  nor  that  bloffoms  lliould  open,  that  the  feeds 
fhould  be  impregnated  with  the  embryo  ; he  did 


not  contrive  that  the  fruit  Ihoiild  grow,  nor  did  he 
teach  animals  that  it  was  ft  for  their  nouriihrnenr. 
What  knowledge  is  acquired  by  attention  to  tnefc 
natural  circumltances,  has  been  called  ohfervaiion. 
It  is  indeed  a contemplation  of  the  benevolence  of 
the  Almighty,  giving  nourifltment  and  happinefs 
to  all  the  inhabitants  of  the  earth. 

The  minds  of  m.ankind,  not  fatished  with 

their  powers  of  obfervation  of  what  palfcs  in  this 

earth,  but  being  even  forced  for  their  own  fubfift- 

cnce  to  exert  themfelvcs  far  beyond  the  brute 

¥ 

creation,  are  neceflariiy  led  to  make  a farther  in- 
quiry, and  that  with  a labour  beyond  the  contem- 
plation of  the  benevolence  of  the  Almdghty.  To 
thofc  creatures  who  have  only  this  earth  to  exift 
in,  food  and  raiment  are  afforded,  witliout  labour 
or  attention,  during  the  Ihort  period  of  their  lives. 
It  is  not  fufheient  for  the  farmer  to  look  where 
grain  grows  naturally;  it  is  necelfary  to  try,  with 
an  iniinite  variety  of  applications  that  may  be 
made  to  the  ground,  to  produce  crops  fuperior  to 
thole  which  would  arife  in  it  without  any  cultiva- 
tion. It  is  necelfary  for  the  hunter  not  only  to 
obferve  the  natural  hiilory  of  wild  beads,  but  alfo 
to  try  by  wdiat  means  he  can  engage  them  to  fall  into 
his  toils.  It  is  neceliary  for  the  iHherman,  belidcs 
j admiring 
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admiring  the  multiplicity  of  fifl'i,  to  be  able  to 
contrive  either  to  entangle  or  furprife  them  into 
his  nets.  In  many  other  cafes  it  is  necellary  for 
mankind  not  only  to  contemplate  thofe  things 
which  happen  naturally,  but  he  is  likewifc  con- 
llraincd  to  form  projects  of  his  own,  and  to  con- 
trive means  of  putting  both  mind  and  matter  in 
circumdanccs  foreign  to  what  would  naturally 
arife  in  them,  and  contemplate  the  clfeds  ; and 
this  we  call  experiment. 

Thus  obfervation  and  experiment  arc  the 
fources  of  all  the  knowledge  of  mankind. 

Man  feems  to  have  a degree  of  pride  planted 
in  his  nature,  which  prompts  him  condantly  to 
conlidcr  himfelf  as  being  far  fuperior  to  what  he 
ad:ually  is,  which  inftin^i  is  the  furcil:  proof  that 
he  is  to  be  very  fuperior  indeed  * But  as  all  the 
virtues  of  man  are  ballanced  by  oppofite  imperfec- 
tions, the  pride  of  experiment  has  often  thrown 
fcience  into  confufion,  inflead  of  advancing  it’s 
progrefs.  An  experiment  to  prove  a thing  other- 
wife  demonftrable  is  totally  fuperfluous,  and  not 
only  fuperfluous  but  fallacious. 

Another  circumflance  which  injures  philofo- 
phical  purfuits,  and  retards  their  progrefs,  is  the 
neglect  of  old  principles  as  foon  as  new  ones  are 
allumed,  as  if  their  efficiency  ceafed  immediately, 
like  that  of  old  miniflers  of  Bate  upon  the  introduc- 
ing of  new  ones.  If  the  placita  of  their  predecef- 
fors  were  not  lofl:  fight  of  or  negleCled,  they  would 
fooner  attain  the  end  of  their  inquiries,  than  by 

being 

* Every  vanity  oF  man  flicws  his  degraded  (Fate,  and  from 
wliat  dignity  he  has  fallen.  Did  not  man  find  and  feel  that  he 
is  a poor  prifoner  in  the  valley  and  lliadovv  of  death,  he  would 
no  more  have  any  of  thofe  initinfhs  alluded  to  above,  nor  any 
reaching  dcfire  after  all  the  beauties  of  fallen  nature,  tfhan  the  ox 
to  have  his  pafluic  incloled  with  beautiful  walls  and  painted 
gates. 
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being  fo  intent  on  their  own  difcoveries  as  to’neg- 
lecft,  as  rubbilh,  all  thofe  circum fiances  that  were 
formerly  of  fuch  moment. 

That  light  and  fire  are  fubfiantially  the  fame, 
or  different  modifications  of  the  fame  fluid,  is  evi- 
dent from  their  commutability,  or  their  reciprocal 
generation  of  each  other.  For  as  fire  necelfarily 
generates  light,  and  thus  difeovers  itfelf  to  the 
fe life  of  feeing  as  infallibly  as  to  the  feeling;  fo 
light  conveyed  to  a focus,  conftitutes  pure  fire. 
Idght  and  heat  are  propagated  by  the  fame  laws  ; 
they  a(5t  in  ffrait  lines;  they  difitife  themfelves 
from  a center  outward  ; their  powers  decay  ac- 
cording to  their  diftances  from  the  centers  from 
which  they  are  irradiated  ; they  are  fubjefl  to  the 
fame  laws  of  refieclion. 

Notw'ithfianding  that  the  phenomena  of  na- 
ture, w'hich  tend  to  afeertain  beyond  doubt  that  the 
matter  of  common  light  or  fire  pervades  ail  nature 
and  fills  all  things,  are  exceeding  numcTOus  and 
obvious  to  every  eye  ; yet  the  whole  has  been  over- 
looked as  an  accidental  filtration,  implying  no 
confequenccs,  nor  interfering  with  the  various  pro- 
perties of  bodies,  notu  ithfianding  it’s  accefs  to 
their  innermofi  penetralia. 

Our  globe  itfelf  feems  to  be  nothing  more 
than  an  accumulation  of  terrefirial  materials,  intro- 
duced into  the  boundlefs  ocean  of  the  folar  fluid, for 
a theatre  on  which  it  may  difplay  it’s  inexhauftible 
power  and  energy  ; the  mafs  being  fo  difpofed  and 
arranged  by  it’s  author  as  to  become  a feminal  bed 
of  materials,  to  be  pierced  and  animated  by  light,, 
and  from  which  materials  light  can  extricate  all 
the  forms,  and  generate  all  the  powers  in  nature. 

Without  this  principle  all  that  we  call  body 
would  remain  for  ever  an  inactive,  paffive,  incohe- 
rent calx.  Water  by  it’s  tranfparency  evidences 
to  vour  fenfes,  that  lio;ht  has  free  accefs  into  and 
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through  it’s  fubhancc.  By  the  volatilization  of 
uater  it  is  equally  evident,  that  light  or  fire  has* 
not  only  accefs  to  it’s  interfticcs,  but  penetrates 
and  occupies  it’s  fimilar  elementary  particles,  in 
the  conformation  of  which  particles  the  character 
of  water  confifts.  Thefe  particles  could  not  be 
rendered  volatile  but  by  internal  dilatation,  nor 
could  they  be  dilated  but  by  fomething  that  reached 
their  internal  parts  ; they  have  their  individuality 
as  feparable  elementary  particles,  as  well  as  their 
lirnilarity  of  charaefter  preferved  by  the  aetherial 
principle  polTdling  them.  If  the  natural  life  of 
all  things  depends  on  the  activity  communicated 
to  them  by  the  fun,  is  it  not  evident  that  it  is  the 
fame  influence  which  muff  generate  and  maintain 
that  life  in  all  it’s  fpecific  charadlers,  in  every 
being  according  to  it’s  kind  ? 

When  is  faid  to  rule  over  the  day,  and 

to  have  been  made  for  this  end,  what  clfe  can  be 
underftood  but  that  he  adls  as  a vicegerent ; and 
is  inverted  with  a mechanical  powder  of  giving 
light,  life,  and  motion,  to  fuch  objedls  as  are  or- 
dained to  receive  his  imprcnions  ? All  nature  re- 
vives, and  puts  on  a new  face,  when  he  approaches 
us  in  fpring;  and  links  into  a temporary  death,  at 
his  departure  from  us  in  the  winter.  That  he  ads 
in  a mechanical  manner,  is  alfo  certain,  becaufe  a 
chain  of  matter  is  continued  all  the  way  from  the 
agent  to  the  objed.  His  power  confifts  not  in 
any  immaterial  quality,  bccaufe  it  obferves  the 
fame  geometrical  law  with  the  diffulion  of  it’s 
light;  and  his  dhcacy  upon  the  production  of  the 
earth  is  greateff,  when  the  greated  angle  is  formed 
between  the  horizon  and  his  rays,  A good  tele- 
fcope  will  flicw  you  what  changes  are  produced  in 
the  refraction  of  the  atmofphere,  and  what  a tu- 
mult arifes  in  the  air  from  the  agitation  of  the  fun- 
bcams  iu  the  heat  of  noon-day  ; the  heaven  feems 

tranfparent 
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tranfparcnt  And  undiftiirbed  to  the  naked  eye,, 
while  a florm  is  raifed  in  the  air  by  the  impulfe  of 
light,  not  unlike  what  is  raifed  in  the  waters  of  the 
fea  by  the  impetuofity  of  the  wind.  It  increafes 
with  the  altitude  of  the  fun  ; and  when  the  evening 
comes  on,  it  fubfides  almoft  into  a calm.* 

Light  is  now  no  longer  confidered  by  che- 
mifts,!  merely  as  an  ideal  fubftance  ; they  perceive 
it’s  inhuence  in  many  of  their  operations,  and  as  it 
modifies  many  of  their  refults,  they  find  it  necef- 
fary  to  attend  to  it’s  adlion. 

The  clfccls  of  liTnt  are  more  evident  in  the 
phenomena  of  nature,  than  in  the  experiments 
performed  in  the  laboratory. 

Light  is  abfolutely  neceirary  to  plants;  vegeta- 
tion docs  not  fuccced  without  it  ; deprived  of  this 
principle,  they  become  pale,  languiih,  and  die.  It 
appears  from  incontcftible  fads,  that  the  root  of 
the  mofi:  variegated  flower,  though  excluded  from 
the  external  air  under  a glafs  velTel,  will,  provided 
it  be  daily  expofed  to  the  light  of  the  fun,  arrive  at 
it’s  ucmoflperfedionboth  with  refpedto  fragrance 
and  colour;  but  if  tlie  procefs  be  reverfed,  and  the 
air  admitted  without  the  light,  the  flower  may 
perhaps  grow  to  it’s  natural  fize,  but  we  fhall  in 
vain  look  for  that  beautiful  variety  of  vivid  co- 
louring, and  that  exquifite  perfume  which  nature 
beflous  on  every  individual  of  the  ipecies,  when- 
permitted  to  imbibe  and  enjoy  the  folar  beam. 

The  fame  fad  is  further  evinced  by  a variety 
of  experiments  by  feveral  French  academicians,  in 
which  the  light  was  admitted  to  one  part  of  a 
]Tmt,  and  c\n-!udcd  from  tlie  others.  The  inva- 
riable died  of  this  was,  that  the  part  expofed  to 

the 
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the  fun  was  of  a lively  green,  while  that  which  was 
fhaded  continued  of  a difagreeable  pale  colour ; 
nay,  fo  powerful  are  the  effects  of  the  fuii’s  light 
on  vegetables,  that  when  deprived  of  ity  their  taftc 
and  other  native  properties  undergo  fuch  a change, 
that  fome,  in  their  nature  poifonous,  become  a fafe 
and  wholefome  food.  Without  the  influence  of 
light,  vegetables  would  exhibit  one  lifelefs  colour, 
and  are  deprived  of  their  beautiful  fliactes  by  the 
interception  of  the  luminary  fluid.  On  thefe 
principles,  celery,  endive,  and  other  plants,  are 
bleached. 

All  thefe  circumftances  evidently  fliew,  that 
there  is  fomething  in  light  abfolutely  neceflary  to 
vegetable  life.  Hence  all  plants  ihew  a remarka- 
ble fenfibility  to  the  light ; they  expand  their 
leaves,  and  open  their  flowers  to  the  fun,  and  clofc 
them  the  moment  he  difappears.  Many  accurate  ex- 
periments prove,  that  it  is  not  the  heat  but  the  light 
of  the  fun,  that  caufes  them  to  turn  to  him.  A plant 
in  a room,  where  there  is  a fire,  turns  it’s  flowers 
to  the  light  which  comes  from  the  colder  fide. 

Many  experiments  fliew,  that  the  change  of 
pofltion  in  the  leaves  of  plants,  at  dillerent  periods 
of  the  day  and  night,  is  entirely  owing  to  the 
agency  of  light.  The  upper  furface  of  leaves, 
which  are  fuppofed  to  be  their  organ  of  refpira- 
tion,  feems  to  require  light  as  well  as  air ; for 
plants,  which  grow  in  w indows  on  the  infide  of 
houfes,  arc  as  it  were  folic itous  to  turn  the  upper 
fides  of  their  leaves  to  the  light.  This  agent  is 
fubtil,  adtive,  and  penetrating  ; by  the  fmallnefs 
of  it’s  conflituent  particles,  it  is  capable  of  enter- 
ing all  bodies,  and  from  it’s  adfivity  of  producing 
great  eftcdls  and  confidcrable  changes  therein. 

Vegetables  are  not  only  indebted  to  the  light 
for  their  colours,  but  likewife  for  their  fmell,  tafle, 
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combuftibility,  maturity,  and  the  rcfinous  princi- 
ple, which  equally  depend  upon  this  fluid. The 
aromatic  fubflances,  refins,  and  volatile  oil,  are  the 
inheritance  of  fouthern  climates,  w’hcre  the  light 
is  more  pure,  conflant,  and  intenfe.  All  thefe 
circumftances,  it  is  hoped,  will  concur  to  make 
you  attentive  to  the  nature  .and  office  of  the  fun. 
The  fun  is  the  miited  power  of  fire  and  light,  and 
by  thefe  powers  calls  forth  from  the  earth  a beau- 
tiful variety  of  vegetable  life,  cloathing  them^wdth 
it’s  own  brightnefs  and  be’auty,  and  rendering 
them  holders  and  difplayers  of  all  it’s  colours, 
powers,  and  virtues. 

The  influence  of  light  is  evident  on  other  ani- 
mated beings  : worms  and  grubs,  which  live  in  the 
earth  or  in  wood,  are  of  a whitifh  colour.  Birds, 
and  flying  infedls  of  the  night,  are  likewife  diftin- 
guifhable  from  thofe  of  the  day  by  the  w^ant  of 
brilliancy  in  colouring ; and  the  difference  is  ftill 
more  marked  between  thofe  of  the  north  and  of 
the  fouth. 

A very  affonifhing  property  of  light  upon  the 
vegetable  kingdom  is,  that  when  vegetables  are 
expofed  to  open  day-light,  or  to  the  fun’s  rays, 
they- emit  vital  air.f 

It  has  been  proved,  that  the  fun  does  not  adt 
in  the  production  of  this  phenomenon  as  a body 
which  heats.  The  emiffion  of  the  air  is  deter- 
mined by  the  light ; pure  air  is  therefore  fepa- 
rated  by  the  adlion  of  light,  and  the  operation  is 
Wronger  as  the  light  is  more  vivid.  It  would  feem 
that  light  favours  the  work  of  digeftion  in  the 
plant,  and  that  the  vital  air  which  is  one  of  the 
principles  of  almoft  all  the  nutritive  juices,  more 
dpec tally  of  water,  is  emitted  when  it  finds  no 

fubffance 
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^ Chaptal’s  Eleruents  of  Chenaiflry. 
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fubftance  to  combine  with  it  in  the  vegetable^ 
Hence  plants,  whole  vegetation  is  the  moll:  vi- 
gorous, afford  the  greateft  quantity  of  air. 

By  this  continual  emiffion  of  vital  air,  the  Au- 
thor of  nature  incelfintly  repairs  the  iofs  thereof: 
occafioned  by  refpiration,  combufiion,  and  the  al- 
teration of  bodies,  including  every  kind  of  fermen- 
tation and  putrifa(ftion  : in  this  manner  the  equi- 
librium is  always  maintained  between  the  confti- 
tuent  parts  of  the  atmofphere. 

Scheele  and  Berthollet  have  ihewn,  that  the 
abfence  or  prefence  of  light  has  an  afionifhing 
effect  upon  the  refult  of  chemical  experiments. 
Light  difengages  vital  air  from  feveral  fluids,  fuch 
as  the  nitrous  acid,  dephlogifticated  marine  acid, 
&c.  ; it  reduces  the  calces  of  gold,  filver,  &c.  ; it 
changes,  according  to  Mr.  Berthollet,  the  nature  of 
oxigenated  muriates.  M.  Chaptal  has  fliewn,  that* 
it  determines  the  phenomena  of  vegetation',  exhi- 
bited by  faline  folutions.  Thefe  circumkances 
fliew  the  importance  of  light,  and  how  much  it’s 
agency  in  nature  fliould  be  attended  to  by  every 
philofopher : heat  often  accompanies  light,  but 
fome  of  the  phenomena,  we  have  mentioned,  can- 
not be  attributed  to  mere  heat ; heat  may  indeed 
modify  them  where  it  exifls,  but  is  not  the  pro- 
ducing caufe. 

There  are  many  inffances  where  the  afiion  of 
the  folar  light  contributes  to  the  deflrudlion  of 
colour,  and  inffead  of  extricating  vital  air,  fixes  it, 
and  produces  a kind  of  combufbon.  In  like  man- 
ner phofphorus,  while  in  the  dark,  is  not  affeded 
by  the  oxigenated  muriatic  acid,  even  aflifled  by 
heat;  but  when  the  aClion  of  light  concurs,  it  is 
converted  into  phofphoric  acid."^ 

A variety  of  facts  flicvv,  that  vital  air  is  caoa- 
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ble  of  whitening  or  rendering  paler  the  colouring^ 
matter  with  w'hich  it  unites,  perhaps  by  having 
produced  on  them  the  cffeds  of  a flight  combuf- 
tion.*  Vital  air  has  conliderable  influence  on  the 
colouring  particles  of  vegetables;,  thefe  are  formed 
chiefly  in  the  leaves,  flowers,  and  inner  bark  of 
trees,  and  by  degrees  they  undergo  a flight  com- 
buflion  : hence  mofl:  trees  contain  faw'n-coloured 
parti  clesv 

The  manner  in  which  the  fun  aiflis  upon  co- 
lours may  be  fcen  by  examining  the  appearances 
prefented  by  a folution  of  the  green  part  of  vege- 
tables in  alcohol. 

If  fuch  a folution,  which  is  of  a fine  green  co- 
lour, be  expofed  to  the  light  of  the  fun,  it  very  foon 
acquires  an  olive  hue,  and  lofes  it’s  colour  in  a few 
minutes.  If  the  light  be  weak,  the  effeclis  flower; 
and  inperfcdt  darknefs  the  colour  remains  without 
alteration,  or  requires  a great  length  of  time. 

M.  Eertholiet  inverted  over  mercury  a bottle 

¥ 

half  full  of  this  green  folution;  when  the  colour 
was  difeharged,  the  mercury  W'as  found  to  have 
rifen  in  the  bottle,  and  confcquently  vital  air  had 
been  abforbed,  the  air  haying  united  w'ith  the. co- 
louring matter ; on,  evaporating  this  liquor,  it’s 
, colour  was  immediately  I'cndcrcd  darker,  and  be- 
came brown  : the  reliduum  was  black,  and  in  the 
Hate  of  charcoal. 

The  light  feemed  therefore  to  have  produced 
it’s  cft'ec‘t  by  favouring  the  abforption  ot  vital  air, 
and  the  combuflion  of  the  colouring  matter  ; the 
marks  of  combuflion  are  not  evident  at  firfl,  but 
by  the  afliflance  of  heat  the  liquor  becomes  browm, 
and  leaves  a black  reflduum.  If  the  velfel  con- 
taining the  liquor  holds  no  vital  air,  the  light 
has  no  efledt  on  the  colouring  matter. 

The 

♦ See  what  was  faicl  on  incipient  ignition,  under  the  article 
of  phofphori. 
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The  cffecfls  of  light  on  the  colour  of  *wood 
liave  been  long  obferved  ; it  .preferves  it^s  natural 
nppcarance  while  kept  in  the  dark,  but  when  cx- 
]5ofcd  to  the  light  it  becomes  yellow,  brown,  or  of 
other  ihades.  M.  Senebier  found,  that  the  changes 
W'erc  proportioned  to  the  brightnel«  of  the  light, 
that  feveral  folds  of  ribbon  were  required  to  de- 
fend the  wood  completely,  that  a iinglc  leaf  of 
black  paper  was  fufficient ; but  that  when  paper 
of  any  other  colour  was  fubfHtuted,'the  change  was 
not  prevented;  a finglecovering.of  w^bite  paper  was 
infuhicient,  but  two  intercepted  the  adlion  of  the 
light,  Thele  obfervations  are  important,  as  they 
prove  that  light  can  pafs  through  coverings  that 
appear  to  be  opake,  and  exerts  it’s  energy  at  fomc 
diftance  within. 

M.  Berthollet  put  tindlure  of  turnfole  in  con^ 
tadl  with  vital  air  over  mercury  ; one  parcel  he 
placed  in  the  dark,  the  other  was  expofed  to  the 
light  of  the  fun:;  the  former  continued  unchanged 
for  a confiderablc  length  of  time,  and  the  vital  air 
was  not  diminifhed  ; the  other  loft  much  of  it’s 
colour,  became  red,  and  the  air  was  in  a great  mea- 
furc  abforbed,  and  a fmalil  quantity  of  fixed  ak 
was  produced,  which  no  doubt  had  pccafioned  the 
change  of  colour  from  blue  to  red. 

O 

Th  is  obfervation  may  lead  us  to  form  an  idea 
of  fome  of  the  changes  produced  by  a particular 
difpofition  of  the  component  parts  -of  vegetable ' 
fubftances,  when  by  the  combination  of  vital  air  ' 
they  undergo  the  effects  of  a flight  combuftion, 
which  may  generate  an  acid ; as  in  the  leaves  in 
Autumn,  which  grow  red  before  they  become  yel- 
low^, and  in  the  ftreaks  obfcxvable  in  flowers,  whofe 
'vegetation  is  growing  languid. 

The  fuccefs  of  the  prefent  age  in  arts,  expe-  ’ 
riments,  and  new  fyftems,  is  very  apt  to  elate  the 
mmds  of  men,  and  make  them  overlook  the  an.- 
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cicnts.  But  notwithlianding  the  encouragement 
and  purfe  of  princes,  and  the  united  endeavours  of 
great  focieties  in  thefe  later  ages,  have  extended 
experimental  and  mechanical  knowledge;  yet  it 
muft  be  owned,  the  ancients  were  not  ignorant  of 
many  things,  which  are  now  more  generally,  though 
not  firft  known.  Their  notions  of  fire  and  light, 
the  refult  of  obfervation,  were  for  the  rnoft  part 
jufk  They  confidered  the  principles  of  motion 
' ’and  vegetation  as  delibations  from  the  invifible 
fire  of  the  univerfe,  which,  though  prefent  to  all 
things,  is  not  neverthelefs  one  way  received  by  all; 
but  varioufly  imbibed,  attradfed,  and  fecreted  by 
the  fine  capillaries  and  exquifite  ftrainers  in  the 
bodies  of  plants  and  animals,  and  is  thereby  mixed 
and  detained  in  their  juices.  They  fuppofed  the 
elaborate  fpirit,  whereon  the  charadler,  diftin- 
guifhing  virtue,  and  properties  of  the  plant  de- 
pend, to  be  of  a luminous  and  volatile  nature. 

It  w'as  from  an  ethcrial  and  luminous  fluid 
that  they  derived  the  many  and  various  qualities, 
virtues,  odours,  flavours,  and  colours,  which  diflin- 
guifh  natural  productions ; conceiving  that  the 
original  particles  produdfive  of  thefe  properties 
were  diverfely  feparated,  and  attracted  by  the  va- 
rious fubjects  of  the  animal,  vegetable,  and  mineral 
kingdoms,  which  thereby  become  clafTed  into 
kinds  ; and  indeed  with  thofe  diftinct  properties 
which  continued  till  their  feveral  forms,  or  fpecific 
proportions  of  Are,  returned  into  the  common 
mafs. 

They  confidered  all  the  appearances  of  fire, 
even  in  earthly  things,  as  fomething  of  a heavenly, 
exalting,  and  glorious  nature  ; as  that  which  dif- 
perfes  deaihy  darknefSy  and  grojjnejsy  and  raifes  up 
the  power  and  glory  of  every  life ; that  it  was  fel- 
dom  fecn  in  this  world  but  as  a defrayer  y a confimery 
and  refiner  of  groffnefs  ,*  as  a kindler  of  life  and 
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light  out  of  death  and  darknefs  ; that  fo  much  as 
any  thing  had  of  light,  fo  much  it  had  of  heaven ; 
and  that  this  was  rendered  evident  in  the  power 
of  the  fun,  and  manifelted  in  t\\t  foftnejs  oi  [o^nds. 
the  beauty  of  colours,  tht  fragrance  of  fmells,  ana 

the  richnejs  of  tafte.  n i r 

Before  I finifh  this  Le6lure,I  muff  make  a tur- 

ther  obfervation  on  colour,  on  account  of  the  mif* 
chievous  inferences  deduced  from  the  Newtonian 
theory,  by  Voltaire  and  fome  other  inhdel  writers. 
Thefemen  fuppofe  that  light  and  colour,  as  ap- 
prehended by  the  imagination,  are  only  ideas  in 
the  mind,  and  not  qualities  that  have  any  exiftence 
in  matter.  Strange  as  this  may  feem,  it  has  been 
univerfaily  received,  and  conlidered  by  fome  as  one 
of  the  nobleft  difeoveries  of  modern  philofophy. 

By  colours  all  men,  who  have  not  been  tutoied 
in  this  fchool,  underfland  not  a fenfation  of  the 
mind,  w'hich  can  have  no  exiftence  when  it  is  not 
perceived,  but  a quality  and  modification  of  bodies^ 
which  continues  the  fame  whether  it  be  feen  or 
not.  The  fcarlet  rofe,  which  is  before  me,  is  ftill 
a fcarlet  rofe  when  I ftiut  my  eyes,  and  was  fo  at 
midnight  when  no  eye  faw  it ; the  colour  remains  . 
.when  the  appearance  ceafes  ; it  remains  the  fame 
when  the  appearance  changes  ; for  when  I view^ 
this  fcarlet  rofe,  through  a pair  of  green  fpedlaclcs, 
the  appearance  is  changed  ; but  I do  not  conceive 
che  colour  in  the  rofe  to  be  changed.  To  a perfon 
in  a jaundice  it  has  ftill  another  appearance,  but 
■he  is  eafily  convinced  the  change  is  in  his  eye,  no; 
in  the  colour  of  the  oh]ca.  Wc  can  by  a variety 
of  optical  experiments  change  the  appearance  of 
figure  and  magnitude  in  a body,  as  well  as  that  ot 
colour  ; we  can  make  one  body  appear  to  be  ten. 
But  no  man  believes  the  multiplying  glafs  really 
produces  ten  guineas  out  of  one;  in  like  manner, 
no  one  believes  the  coloured  g'lafs  changes  tne 
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real  colour  of  the  objc6l  feen  through  it,  uhe-n  it 
alters  thc^appcarance  of  that  colour. 

Colour  is  not  a fenfation,  but  a fecondary 
quality  of  bodies,  whereby  in  fair  day-light  they 
exhibits  certain  and  well  underftood  appearance  ; 
and  there  is^a  real  permanent  quality  in  bodies,  to 
' ' wjhich  the  common  ule  of  this  word  agrees.  Had 
modern  philofophers  given,  as  they  ought  to  have 
done,  the  name  of  colour  to  the  caufe  inftead  of  to 
the  effedt,  they  would  not  have  fet  philofophy  ap- 
parently in  contradiction  with  common  fenfe  ; for 
they  muft  then  have  affirmed  with  the  vulgar,  that 
colour  is  a property  of  bodies,  and  that  there  is 
nothing  like  it  in  the  mind.  Their  language  as 
well  as  their  fentiments  would  have  been  perfectly 
agreeable  to  the  common  apprehenfions  of  man- 
kind, and  true  philofophy  w ould  have  joined  hands 
w i t h com  m o n 1 e n fe . * 

Inftead  of  fecking  objeClions  againfb  revela-r 
tion  from  every  appearance  in  nature,  the  true 
philofopher  finds  abundant  ground  therein  .to  con- 
firm and  efiablifii  his  faith ; he  learns  -from  the 
adaptation  of  objeCls  to  the  fenfes,  the  abfurdity  of 
thole  infidels,  and  their  want  of  knowledge  in  the 
human  underflanding,  who  require  for  conviClion 
a ftronger  evidence  in  the  objeCls  of  faith,  than  i^ 
to  be  offered  for  thofe  of  the  other  faculties.  ■ • \ 

In  examining  the  objeCts  of  various  parts  of 
intellect,  do  not  we  find  men  at  a lofs  to  prove  in 
what  maxiner  they  exift  ? Do  they  fufpend  their 
affient  to  the  reality  of  a rofe,  till  they  can  explain 
why  the  leaves  arc  of  a different  colour,  odour,  and 
fhape,  from  thofe  of  the  lily  ? or  w'hy  they  are  of 
any  particular  fmell,  ffiape,  or  colour?  Is  it  an 
pbjedion  to  the  evidence  of  the  eye-fight,  that  the 
founds  of  a violin  arc  imperceptible  by  that  organ.? 


or 
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or  bccaufe  neither  form  nor  found  are  the  ob- 
jeds  of  reafon,  that  neither  of  them  exifts  ? Would 
not  a geometrician  treat  with  contempt  the  perfon 
who  fliould  deny  the  reality  of  the  properties  of  a 
fquare,  becaufe  they  are  irreconcilcable  w ith  thofc 
of  a circle  ? All  that  is  required  in  thefe  inftanccs, 
is  a confentaneous  difpofition  in  the  objedls  and 
the  faculties  to  impart  and  receive  thofe  ideas,  and 
the  mind  refts  convinced  of  their  realities. 

The  utility  and  plcafure  which  are  derived 
from  the  fenfes  are  the  great  proofs  which  fatisfy 
men  of  the  reality  of  the  ohje^is  of  them.  He 
whofe  eye-light  prevents  him  from  running  over 
a precipice,  whofe  ears  are  delighted  whth  the 
powers  of  harmony,  can  entertain  no  doubt  of  the 
exiftence  of  thofe  objects  ; and  whoever  Ihould  at- 
tempt to  prove  that  the  firfr  was  not  fqen,  and  the 
latter  not  heard,  would  inevitably  render  himfelf 
an  objed  of  ridicule.  And  is  not  a man  equally 
ridiculous,  who  denies  that  the  objeds  of  faith  are 
real,  though  he  is  every  day  acquiring  happinefs, 
and  obtaining fecurity,  as  the  refult  of  them?  The 
adapts^ticn  of  the  dodrines  of  faith  to  the  nature 
of  man,  and  the  fuperior  utility  arifmg  from  it,  are 
the  ft/ongeft  proofs  of  it’s  divine  original ; their 
principles  correfpond  to  the  faculties  and  wants 
of  human  nature,  and  it’s  precepts  to  their  w^ei- 
fare. 

To  deny  thefe  proofs  would  be  to  rejed  all 
moral  evidence,  and  even  the  exiftence  of  a Deity, 
When  w'e  perceive  all  parts  of  matter  fitted  to  the 
ufes  of  creation;  when  we  fee  that  rain  and  fun  arc 
necelTary  to  vegetation,  and  that  the  order  and 
courfe  thereof  is  fuch,  that  they  never  fail  the  pur- 
pofes  of  theif  intentions  ; is  it  polfible  to  deny  the 
providence  of  a Jiipreme  intelligence  ? In  like  man- 
ner, when  it  is  difeovered  that  all  parts  of  our  re- 
ligion coincide  as  pcrfedly  with  the  nature  of  ' 
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man  and  his  welfare,  is  it  not  equally  abfurd  to  re- 
ject it  as  proceeding;  from  the  fame  fource? 

Whoever  confults  the  fenfations  of  his  own 
mind,  will  feci  the  evidence  of  the  hereditary  evil  of 
man  as  .evincing,  as  the  dry  leaf  isexpreflive  of  it’s 
having  been  in  a more  perfect  bate.  What  are 
the  prefentiments  and  prelages  of  the  foul,  but  the 
remains  ofa  more  perfedt  intelligence  ? And  what 
is  chic  3.ba|cment  of  pleafure  which  enjoymerit 
compared  with  the  felicity  imagination 
pre  conceives,  but  an  indication  of  the  defedt  in 
human  faculties  ? Like  the  evanefeent  colours  of 
declining  tulip,  they  pronounce  their  former  ex- 
cellence. 

The  fenfe  of  degradation,  and  of  it’s  being  ir- 
remediable by  the  powers  of  man,  creates  thofe 
eiefires  in  the  human  breaft  which  are  conftantly 
-yearning  after  a better  bate,  and  the  belief  of  the 
ne.ccflity  of  a more  perfedf  being  to  reflore  it.  Here 
the  idea  of  infinite  mercy,  infeparabie  from  the 
Divine  Being,  leads  the  foul  to  fee  that  it’s  redemp- 
tion can  only  be  accomplifhed  by  the  Supreme 
Being.  Thus  you  may  perceive,  that  the  truths  of 
■chrifiianity  are  obvious  and  plain ; they  fpeak  the 
language  of  nature  ; and  all  nature  is  exprefiive  of 
the  fenfe  and  found  thereof ; and  points  out  the  ne- 
ceffity  of  a redeemer,  whofe  exifience  and  influence 
is  as  extenfive  as  nature  itfelf. 

To  fliew  that  nothing  under  him,  'Tn  whom 
we  live,  and  move,  and  have  our  being,”  could  re- 
deem us,  our  REDEEMER,  whcn  he  had  fhrouded  his 
BEAUTY  with  the  veil  of  mortality,  gave  hourly 
and  ocular  proofs  of  his  godhead  by  the  extent  of 
■his  power  in  and  over  all  things.  ''  In  his  word 
w'as  LIFE,  in  ms  breath  was  healing,  and  ficknefs 
-grew^  found  at  his  fight ; the  lame  fprang  up  at 
HIS  bidding,  by  him  the  deaf  ear  was  opened,  and 
the  dumb  tongue  loofed  to  utterance  ; he  poured 


< Of  THE  Rays  OF  Light,  475 

the  beams  of  his  light  upon  the  new  opening  eyes 
of  the  blind-born  gazer;  death  fled  before  him,  an4 
amidll  the  tombs  his  word  was  life  and  refurrec- 
tion\  the  iempeft  heard  11  is  voice  and  was  ftill ; the 
earth  trembled  with  reverence;  and  x^tjea  fpread 
itfelf  as  a carpet  beneath  the  foot  of  her  creat^or, 

“ Yet 

Even  all  his  mighty  works  to  me  Import, 

“ But  as  they  greatly  ferve  to  authorize 
“ The  mightier  words  he  uttered — as  the  eye 
“ Bears  witnefs  to  the  light,  or  the  charm’d  ear 
“ To  tuneful  undulation  \ fo  the  heart 
Strikes  unifdntohis  great  law  of  love, 

And  proves  his  miffion  all  divine.** 


✓ 


• n » 


LECTURE 


47^  Lectures  on  Natural  PiiiLosopiPr. 


LECTURE  XXII. 


On  Teiescope-s. 


^ N onr  hfl  I.cdirres,  I endeavoured  to  render  plair? 
Jl  and  eafy  to  jour  comprehcnfion,  idme  of  the 
great  diTcovexks  of  Sir  Isaac  Newton,  who  fur- 
pafied  hirnfclf  inhi^  ^Theory  of  Light /in dChl'SurSy  as 
Kiiiiicii:  as.  he  haid  ex-CiCeded  others  in  his  Pi'incipia, 
Both  thefe  works  give  teftiroony  to  the  depth  and 
/ekamefs  of  his  intcllcd:,  his  ikill  in  conduding  ex- 
perinnentij,  and  the  compreheniive  force  of  his 
mind.  But  far  as  he  has  penetrated  into  the  re- 
cciTes  of  iight,  the  fame  Ledures  mud  have  con- 
•vinced  you,  that  many  appearances  are  yet  unex- 
pkined,  many  difficulties  are  yet  unexplored  ; and 
that  the  indances  are  numerous  which  prove,  that 
the  inward  conilitution,  the  real  caufes,  and  con-r 
jiedions  of  the  mod  obvious  phenomena,  are  be- 
yond  your  apprehenhon. 

Vanity  in  any  man  is  weaknefs;  but  a vain 
philofbpher  is  the  moft  abfurd  among  men,  for 
every  new*  difeovery  demonlfrates  his  imbecility  ; 
every  new  effed  that  is  brought  to  light,  ferves 
only  to  convince  him  of  innumerable  others  which 
remain  concealed,  and  of  which  he  had  no  previous 
knowkdu;e  : the  works  of  God  are  too  valf,  and  of 
too  large  an  extent  for  our  capacities.  There  is 
fuch  an  expanfe  of  power,  w'ifdom,  and  goodnefs, 
in  the  formation  of  the  world,  as  is  too  mighty  for 
our  grafp,  too  much  for  us  to  comprehend.  Power, 
wifdom,  and  goodnefs,  are  manifeft  to  us  in  all  thofe 
works  of  God  which  arc  within  our  view  : but 
there  arc  Ifkewifc  iniinite  flores  of  each  poured 
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forth  throughout  the  immenfity  of  the  creation,  no 
part  of  which  can  be  underftood  without  taking  in 
it’s  reference  and  refpedf  to  the  whole,  and  this  is 
beyond  the  reach  of  human  faculties.  To  zvhvm 
hath  the  root  of  wijdom  been  revealed  f or  vobo  hath 
knozvn  her  wife  counfeis  ? There  is  one  wife  and 
greatly  to  he  fearef  the  Lord  fitting  upon  bis 
throne.  He  created  her,  and  faw  her^  and  mim-- 
lered  her^  and  poured  her  out  upon  all  his  works. 

Thefe  rcflec^fions  naturally  occur  to  the  mind 
when  it  contemplates  the  difeo very  of  the  rde- 
fcope,  and  the  advantage  arifmg  from  it;  for  who, 
realbning  a priori^  could  have  imagined  that  the 
refradtion  of  light  in  glafs,  the  fame  power  by 
which  a firait  rod  appears  crooked  in  water,  where- 
by vifion  is  varioully  diftorted,.  and  whereby  we 
are  liable  to  innumerable  deceptions,  fliould  ever 
be  fo  circumfianced  as  to  extend  the  boundaries  of 
fight,  and  enable  us  to  diftinguilh  objects  too 
remote  for  natural  vifion?  Yct'fuch  are  the 
powers  fcience  has  beftowed,  that  by  glalTes,  pro- 
perly adapted  to  each  other,  vve  as  jit  were  contrail 
ipacc,  anci  bring  within  our  ken  the  'grander  oh- 
jedls  of  the  univerfe  ; and  are  enabled  to  extend 
our  inquiries  beyond  the  boundaries  of  the  folar 

fvlfem. 

«/ 

If  Pliny,  in  regard  to  Hipparchus ^ could  ex- 
travagantly fay,  Aufus'  rem  Deo  improbam 
merare  pojieris  fellas f*  what  would  th^t  pom- 
})ous  hiflorian  of  nature  have  faid,  had  it  been 
foretold  him,  that  in  the  latter  days  a man  would 
arife,  who  fliould  enable  pofferity  to  enumerate 
more  new  ftars,  than  Hipparchus  had  counted  of 
the  old  ; who  hiould  aflign  four  moons,  to  Jupiter, 
and  in  our  moon  point  out  higher  mountains  t]:Laii 
any  here  below  ; who  fliould  in  the  fun,  the  foun- 
tain of  light,  difeover  dark  fpots  as  broad  as  two 
quarters  of  the  earth,  and  by  thefe  fpots  afeertaia 
I his 
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his  motion  round  his  axis ; who,  by  the  varying 
phafes  of  the  planets,  hiould  compofe  the  diortefl: 
and  plained:  demonftration  of  the  folar  fyfbcm? 
Yet  thefe  were  but  part  of  the  annunciations  to 
the  world  of  a fingle  perfon,  of  Galileo,  of  unpe- 
riihing  memory  ! To  him,  his  cotemporary  and 
rival  in  fame.  Lord  Bacon,  afcribed  the  invention 
of  perfpicilla,  (for  fo  at  firft  were  called  the  tele- 
icopes,)  and  in  a figurative  ftrain  thus  expreffed 
himfelf  concerning  them:  With  thefe  (perfpi- 

cilla), which  Galileo,  by  a memorable  effort  of  ge- 
nius, hath  difcovercd,  we  are  enabled,  as  with  fome 
fmall  failing  veffels,  to  open  and  keep  up  a nearer 
commerce  with  the  ftars.’* 

Nor  did  the  celeftial  commerce  ceafe  with 
the  acquifitions  of  Galileo,  but  has  been  extend- 
ing ever  fince  the  time  that  that  great  man  hrft 
turned  his  glafles  to  the  heavens.*  In  our  own 
day  the  energy  and  philofophic  enthufiafm  of 
Herfchell  has  enlarged  the  boundaries  of  aftrono- 
mical  knowledge,  added  a new  planet  to  our  fyf- 
tem ; the  heavens  have,  as  it  were,  increafed  under 
his  eye  ; and  44000  liars,  feen  in  thefpace  of  a few 
degrees,  feem  to  indicate  that  feventy-five  millions 
may  be  difeovered  in  the  expanfe  expofed  to  human 
invefligation. 

What  is  neceffary  for  the  condudl  of  our  animal 
life,  the  bountiful  Author  of  nature  has  made  ma- 
nifcit  to  all  men.  But  there  are  many  other  choice 
fecrets  of  nature,  the  difeovery  of  which  enlarges  the 
power  and  exalts  the  ftate  of  man ; thefe  are  left 
to  be  difeovered  by  the  ufe  of  our  rational  powers  ; ’ 
they  arc  hid,  not  that  they  may  be  always  concealed 
from  human  knowledge,  but  that  we  may  be  ex- 
cited to  fearch  for  them:  this  is  the  proper  bufi- 
nefs  of  a philofopher  ; and  it  is  the  glory  of  a man^ 

and 
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and  a reward  for  his  labour,  to  difeover  that  which 
has  been  thus  concealed. 

I’hus  in  the  fubjed  before  us,  our  eyes  are  in- 
capable of  difeerning  objeds,  either  very  fmall  or 
very  diftant ; but  the"cREAXOR  has  given  properties 
and  qualities  to  matter  by  which  it  may  procure 
us  thefc  advantages : he  elevated  the  underftand- 
ing  from  one  degree  of  knowledge  to  another,  till 
it  was  able  to  difeover  thefe  alfidances  for  our 
light.  It  is  to  the  fame  power,  therefore,  who 
created  the  objeds  of  our  admiration,  that  we  are 
ultimately  to  refer  the  means  of  their  difeovery; 
and  whatever  we  find  out  by  their  means,  becomes 
a frefli  fource  of  praife  to  him  from  whom  we  re- 
ceive every  blefling. 

The  very  great  importance  of  the  telefcopc 
has  made  the  firfl:  difeovery  of  it  an  intereffing  ob- 
]ed  of  inquiry  ; but  no  refearch  has  been  able  to 
afeertain  either  the  exad  period  when  it  w^as  firft 
found  out,  or  who  w^as  the  inventor.  It  has  been 
by  fome,  and  with  no  fmall  degree  of  probabilit>% 
attributed  to  the  famous  friar,  Roger  Bacon,  before 
the  year  1300,  and  it  is  w'orth  your  while  to  be  ac- 
quainted w ith  fome  of  his  exprefTions.  Lenjes  ami 
Jpecula  may  be  Jo  figured,  that  one  objett  may  he 
multiplied  into  many  ; that  ihoje  zvbich  are  fituated 
at  a great  di fiance  may  he  made  to  appear  very  near : 
that  thofe  zvhich  are  fmall  may  be  made  to  appear 
very  large,  and  thofe  zvhich  are  oh  [cure  very  plain  ; 
and  zve  can  make  fiars  to  appear  wherever  we  wilL 
Thefe  and  other  exprefPions  and  trads  of  this  au- 
thor feem  to  indicate,  that  he  was  w'cll  acquainted 
with  the  nature,  conftrudion,  and  ufe  of  telefcopes, 
and  all  the  glaffes  w hich  compofe.thcm  ; but  fome 
modern  critics  in  the  fciencc  not  only  deny  him 
the  invention,  but  even  the  knowledge  of  any  fuch 
conflrudion,  as  w'e  at  prefent  call  telefcopes, 
though  he  mentions  the  refradions  of  the  fun’s 
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rays  through  a glafs  fphere;  but  as  he  does  not  fa>v 
tot  idem  verbis^  that  he  ever  viewed  an  objed: 
through  fuch  a fphere.  Dr.  Smith  fuppofes  that 
he  had  no  experience  of  it’s  magnifying  power. 
In  the  fame  manner,  had  defcribed  his  glafs 

ball,  filled  with  water,  only  as  a burning-glafs,  it 
might  have  tempted  us  to  argue  that  he  knew  no- 
thing of  it’s  ufe  in  magnifying  letters  ; but  he  has 
precluded  conjecture  by  declaring  the  contrary. 
He  might  know  more  than  is  fpoken  of;  the  ma- 
thematicians and  workers  in  glafs  of  thofe  days 
might  know  more  than  he  did.  From  the  fore- 
going and  other  expreffions  of  our  countryman. 
Friar  Bacon,  there  is  little  douht  hut  that  he  was 
acquainted  both  with  fpec^lacles  and  telefcopes. 

Friar  Bacon,”  fays  the  Rev.  Mr.  William 
Jones,  may  be  confidered  as  the  firfl:  of  Englifh 
philofophers  ; his  profound  fkill  in  mechanics,  op- 
tics, altronomy,  and  chemilfry,  would  make  an  ho- 
nourable figure  in  the  prefent  age  ; but  he  is  enti- 
tled to  further  praife,  as  he  made  all  his  lludies  fub- 
fervient  to  theology,  and  direhled  all  his  writings, 
as  much  as  could  be,  to  the  glory  of  God.  He 
had  .the  higheft  regard  for  the  facred  fcriptures, 
and  was  perfuaded  they  contain  the  principles  of 
all  true  fcience.  He  had  a liberal  way  of  confi- 
dering  things,  not  adhering  feiwilcly  to  his  fub- 
jecSf,  but  ufing  all  the  fciences  of  which  he  was 
mailer  to  illultrate  each  other.  It  is  very  unjuft  to 
* fpeak  of  philofophy,  as  if  it  was  unknown  till  the 
iall  century,  when  in  reality  a fcholar  furniflied' 
with  no  rnaterials,  but  fuch  as  might  be  extractled 
from  Friar  Bacon’s  works,  would  yet  be  a very  con- 
fiderable  perfon,  and  entitled  to  no  fmall  degree 

of 
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of  fame  among  the  literati  of  the  prefent  age.  He 
would  excel  as  a mathematician,  experimentaliftj 
phylician,  chemift,  artill,  allronomer,  philofopher, 
and  divine.’* 

Men  of  learning  have  been  divided  in  their 
opinions  concerning  the  optical  konwledge  of  the 
ancients  ; ‘ fome  are  fo  fwal lowed  up  by  an  admira- 
tion of  the  difeoveries  that  have  been  made  in  the 
laft  and  prefent  century,  that  they  have  been 
tempted  topafs  fentence  upon  the  ancients,  before 
they  knew  what  the  ancients  have  faid  for  them- 
felves.  It  is  faid,  indeed,  that  if  dioptric  glafles 
were  anciently  in  ufe,  it  is  ftrange  we  hnd  them  fo 
feldom  mentioned  in  their  writings.  This  may  be 
hard  to  account  for,  but  it  is  unfafe  to  draw  a po- 
litive  conclulion  from  negative  evidence.  The 
accounts  w'e  have  of  many  ancient  works  of  art 
are  fo  much  broken  by  the  injuries  of  time,  the 
ambiguities  of  language,  the  fucceeding  interefts 
of  different  feels  of  philofophers,  the  barbarifm  of 
fucceeding  ages,  that  it  is  now  very  difficult  to  ef- 
tablifh  the  fuppohtion  by  fatisfadlory  proofs. 

If  we  argue  by  inference,  the  cafe  will  be  a 
little  altered.  The  cabinets  of  the  curious  con- 
tain fome  very  ancient  gems,  of  admirable  work- 
manffiip,  the  figures  on  which  are  fo  fmall,  than 
they  appear  beautiful  through  a magnifying  glafs, 
but  altogether  confufed  and  indiflindt  to  the  naked 
eye : and  if  they  cannot  be  viewed,  how  could  they 
be  WTOught  without  the  affiftanceof  glalfes  ? How 
could  it  be  known  that  the  moon  has  a form  like 
that  of  the  earth  ; that  it  has  plains,  hills,  and  val- 
lies  in  it  ? When  it  is  feen  through  a telefcope, 
the  difpofition  of  light  and  fhade  render  this  evi- 
dent, agreeable  to  the  common  rules  of  perfpedlive; 
but  no  fuch  thing  appears  to  the  naked  eye.  How 
could  it  be  known  that  the  via  la5tea  arifes  from 
the  combined  rays  of  an  infinite  number  of  fmall 

VoL.  II.  li  ftars? 


4^2  Lectures  on  Natural  HfirrosopriY, 

ftars  ? But  above  all^  how  came  it  to  be  afferted^ 
that  the  fphere  of  the  fixed  fiars  is  Jo  hnmenje,  that 
the  circle  of  the  earth's  annual  orb  hears  no  greater 
proportion  to  it  than  the  center  of  any  fphere  bears  to 
it's  whole  ftirface  ? This  difeovery  docs  fo  far 
exceed  the  comprehenfion  of  the  human  mind^ 
that  it  was  not  afferted  after  the  revival  of  the  Py- 
thagorean fcheme,  till  Dr.  Bradley,  by  a courfe  of 
the  moH  accurate  obfervations  that  ever  were  made 
with  a telefcopic  apparatus,  reduced  the  annual 
parallax  of  the  fixed  Bars  to  an  infenfible  quantity^ 

If  I'eaving  the  ancients  vjq.  return  to  the  mo- 
derns, w e find  the  time  of  the  invention,:  and  the 
name  of  the  inventor,  are  Bill  involved  in  obfcurityv 
By  fomc  it  is  aferibed  to  James  Moetius,  a Dutch- 
man ; by  others  to  John  Lspperfheim,  of  Middle- 
burg  : but  Borellus,  in  Dt  eireumfiantial  and  appa- 
rently well  authenticated  account,  attributes  the 
invention  to  Zacharias  Janfeny  of  Middleburg, 
about  the  year  1590.  Janfen  was  a diligent  in- 
quirer fnto  nature,  and  being  engaged  in  thefe  pur- 
fiiits,  and  trying  what  advanSages  could  be  derived 
from  combining  knfes,  fortunately  difeovered  the 
tekfeope. 

The  wonderful  efiedls  of  this  infirument  foon. 
reached  Galileo,  wTo,  fetting  himfelf  to  wmrk,. 
contrived  an  inllrument  to  eficcl  the  fame  pur- 
Dofe.  As  this  fubjed:  is  fo  curious  and  intereB- 
ing,  I think  you  w'ill  be  pkafed  with  his  own  ac- 
count of  it,  as-  publiBied  in  a book  intitled.  Nun- 
cius  SideriHS,  in  March,  1610.  Near  ten  months- 
ago,”  fays  he,  it  was  reported  that  a certain- 
Dutchman  had  made  a perfpeflive,  through  which 
many  difianc  objeeBs  appeared  as  diBindl:  as  if  they 
w'cre  near  ; fcvcral  eBects  of  this  w onderful  inBru- 
ment  were  reported,  which  lome  believed,  and 
others  denied  : but  having  had  it  confijmed  to  me 
a lew  cays  after  by  a letter  from  the  noble  John 
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Badovcrie,  at  Paris,  I applied  myfelf  to  confider 
the  rj'.tionale  thereof,  and  by  what  means  I might 
contrive  a limilar  inftrument,  which  I afterwards 
attained  to  by  the  dodtrihe  of  refradion  ; and  firft 
I prepared  a leaden  tube,  to  whofe  extremity  I fit- 
ted two  fpeclacle-glalTes,  both  of  them  plain  on 
one  fide  ; on  the  other  one  of  them  w^as  fpheri- 
cally  convex,  and  the  other  concave.  I faw  ob- 
jcifls  appear  pretty  large,  and  pretty  near;  they  ap- 
peared three  times  nearer,  and  nine  times  larger 
in  furface  than  to  the  naked  eye:  and  foon  after  I 
made  another,  which  reprefented  objedls  above  60 
times  larger;  and  at  laft,  having  fpared  no  labour 
or  expence,  I made  an  inftrument  lb  excellent  as 
to  fhew  things  alrnoft  a thoufand  times  larger,  and 
above  thirty  times  nearer  than  to  the  naked  eye.’* 

If  the  true  inventor  is  he  w’ho  makes  difeo- 
very  by  reafoning  a prioriy  and  defeending  from^ 
eftabliflied  principles  to  their  confequences,  Ga- 
lileo may  be  confidered  as  the  real  inventor  of  the 
telefcope;  but  the  ufe  he  made  of  it  does  him  more 
honour  than  the  invention  : the  inftrument  was  at 
firft,  in  Holland,  a mere  article  of  curiofity,  not  an 
inftrument  of  fcience  ; himfelf  being  amply  re- 
w'arded  by  prevailing  over  the  difficulty  of  the  fub- 
jedt,  and  with  new  difeoveries  which  enlarged  the 
territories  of  reafon. 

Of  Refracting  Telescopes. 

By  a ielefcope  is  ufually  fignified  an  inftrument 
that  renders  the  view  of  diftant  objedhs  more  per- 
fedl;  or,  in  more  general  terms,  which  reprefents 
diftant  objedb  under  a larger  angle  than  that  under 
which  they  appear  to  the  naked  eye. 

When  the  diftance  of  the  objedl;  is  very  con- 
fiderable,  the  effedts  may  all  be  referred  to  the  fame 
diftance,  and  a tekfeope  may  be  faid  to  enlarge  an 
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dbje(fl  juft  as  many  times  as  the  angle  under  which 
it  reprefents  it  is  greater  than  that  under  which  it 
appears  to  the  naked  eye.  Thus  the  moon  ap- 
pears to  the  naked  eye  under  an  angle  of  about  half 
a degree;  confcquently  a telefcope  magnifies  100 
times,  if  it  reprefents  the  moon  under  an  angle  of 
50 degrees;,  if  it  magnified  200  times,  it  would  ex- 
hibit the  moon  under  an  angle  of  100  deprees ; 
and  the  moon  would  appear  to  occupy  more  than 
half  the  vifible  heavens,  of  which  the  whole  extent 
is  only  i 80  degrees. 

It  is  a comm.on  expreflion,  that  telefcopes 
bring  objedis  nearer;  but  this  expreflion  is  equi- 
vocal, admitting  of  two  different  fignifications. 
The  one  is,  that,  looking  through  a telefcope,  we 
cflimate  an  objedl  to  be  as  much  nearer  to  us  as  it 
is  magnified  by  the  telefcope.  But  I have  already 
fliewn  you,  that  we  can  form  no  certain,  efbimate 
of  the  diftance  of  an  objedf  but  by  the  judgment, 
and  that  our  judgment  deceives  us  when  the  ob- 
jects are  beyond  a certain  diftance  ; and  in  the 
prefent  inftance,  lofing  all  thofc  fubjeds  of  com- 
parifon  on  which  it  is  founded,  will  deceive  us 
more.  The  other  meaning  applied  to  the  expref- 
lion is,  that  the'telefcope  reprefents  the  objedsas 
large  as  they  would  appear  if  w'e  were  fo  much 
nearer  to  them  : this  latter  meaning  is  more  con- 
formable to  the  truth  than  the  preceding,  for  you 
know  that  the  nearer  w'c  approach  to  an  objed:  the 
larger  is  the  vifual  angle.  When  you  look,  how- 
ever, at  a well  known  objed,  as  a man,  at  a great 
diftance,,  and  he  is  feen  under  a larger  angle,  w’e 
are  led  to  think  him  fo  much  nearer,  when  he 
would  really  appear  under  a greater  'angle  ; but 
with  refped  to  objeds  lefs  known,  as  the  fun  and 
moon,  there  can  be  no  eftimation  of  diftance. 

One  principal  end  of  telefcopes  is  to  enlarge 
or  multiply  the  angle  under  wdiich  objeds  appear 
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to  the  naked  eye,  and  they  are  chimated  according 
to  this  effeCh,  and  are  faid  to  magnify  five,  ten,  or 
any  other  number  of  times,  according  to  the  na- 
ture and  conftruedion  of  the  telefcope. 

This  diagram, 13,  pL  6,  reprefents  a fmall 
Galilean  telefcope .the  convex  lens  P,  P,  is  direded 
toward  the  object,  the  concave  glafs  Q,  G,  is  applied 
to  the  eye  ; on  this  account  the  one  neareft  to  the 
eye  is  called  the  eye-glafs,  that  towards  the  objedt- 
glafs  is  called  the  oljeh-glafs,  Thcfe  glafles  are 
lituated  upon  the  fame  axis  A B,  which  palTes 
through  the  center  of  the  glaffes,  and  to  which 
they  are  perpendicular.  The  focal  diftance,  or 
focus  of  the  convex-glaf^,  fhould  be  longer  than 
that  of  the  concave,  and  the  lenfes  fliould  be  fo 
difpofed,  that  if  A F be  the  focal  diftance  of  the 
convex  lens  PAP,  the  focal  point  of  the  concave 
glafs  fhould  fall  upon  the  fame  point  F.  Thus 
the  interval  A B,  between  the  two  -glaiTes,  is  the 
difference  between  their  foci,  A F being  the  focal 
diftance  of  the  objedt-glafs,  and  B F that  of  the 
cyc-glafs.  When  the  glafles  are  fo  placed,  a com- 
mon eye  wLll  fee  diftani  objects  diftindUy,  and  wilj 
magnify  in  the  fame  proportion  that  the  line  A F 
exceeds  the  line  BF.  Thus,  fuppofing  the  focus 
of  the  objedl-glafs  to  be  fix  inches,  and  of  the  eye- 
glafs  to  be  one  inch,  the  interval  between  them 
will  be  five  inches  ; the  length  of  the  telefcope 
and  the  objedts  will  be  enlarged  fix  times,  that  is, 
it  will  appear  under  an  angle  fix  times  greater  than 
what  they  do  to  the  naked  eye. 

After  having  explained  to  you  the  manner  in 
•which  the  glafles  are  to  be  difpofed,  in  order  to 
produce  the  defired  effedl,  it  remains  for  me  to 
,fliew  you  why  they  reprefent  the  objedts  diftindlly, 
and  why  they  are  magnified  as  many  times  as  the 
line  A F exceeds  that  of  B F.  With  refpedt  to  the 
£rft,  1 rauft  juft  remind  you  of  what  has  been  bc- 
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fore  obferved,  that  we  fee  objedls  bed  when  the 
rays  that  proceed  from  them  and  fall  upon  the  eye 
are  nearly  parallel  to  each  other. 

This  obfervation  being  attended  to,  y-ou  mud 
now  condder  another  diagram,  fi^.  14,  pi.  6.  Let 
V be  a point  in  the  objecd  towards  which  the  tele- 
fcopc  is  direcled,  and  as  it  is  fuppofed  to  be  very 
didant,  the  rays  proceeding  therefrom  may  be  con- 
ddered  as  parallel  to  each  other  ; thofe  therefore 
that  fair  upon  the  object-glafs  Q A Q,  will  be 
united  at  it’s  focus  F,  and  being  convergent  there, 
will  not  be  adapted  to  produce  didincl  vidon  fora 
common  eye.  Now  it  being  the  property  of  a con- 
cave glafs  to  render  rays  more  diverging,  or  to  dimi- 
nifn  their  convergence,  it  will  refradl  the  rays  Q R, 
Q R,  fo  as  to  render  them  parallel  to  each  other  ; 
fo  that  indead  of  uniting  at  E,  they  will  proceed 
in  the  direcdion  RS,  RS,  parallel  to  the  axis  ARF, 
and  thus  the  telefcopc  will  be  dtted  for  didinct 
vidon. 

I have  now  to  explain  the  principal  edecd  of 
telefcopes,  that  is,  their  magnifying  power;  a fub- 
je6l  which  I hope  to  render  fo  clear,  that  no  doubts 
ihall  remain  on  your  mind. 

1.  Let  Ee,  jig.  3,  pi.  7,  be  the  objeid  placed 
on  the  axis  of  he  telefcopc,  which  palfes  through 
the  center  of  the  two  lenfes.  Ee  is  to  be  cond- 
dered^as  at  an  indnite  didance. 

2.  II  the  eye  placed  at  A look  at  this  objedl, 
it  will  fee  it  under  the  angle  E e,  called  the  vifual 
angle.  What  we  have  therefore  to  prove  is,  that 
in  looking  through  the  telefcopc  it  will  appear 
under  an  angle  as  much  larger  than  this,  as  the 
focal  didance  of  the  objcifLglafs  exceeds  that  of 
the  eye-glafs. 

3.  As  the  effed  of  all  the  glaffes  condds  in 
reprelcnting  the  objccl  in  another  place,  and  of  a 
Certain  dze,  ail  v;e  have  to  do  is  to  examine  the 
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•different  images,  the  laft  of  which  forms  the  ob- 
jC(fl  immediately  viewed  by  means  of  the  tele- 
fcopc. 

4.  Now  the  object  Ee  being  at  an  infinite 
-diflance  from  the  convex  lens  PAP,  it’s  image 
M'ill  be  reprefented  bchmd  tl\eglafs  at  h f,  and  A f 
will  be  the  focal  diftance  of  this  glafs  ; the  frze  of 
this  image  P'f,  is  determined  by  a ftrait  line  from 
the  extremity  e of  the  obje6t  through  A the  center 
of  the  lens  ; confequently  this  image  is  inverted, 
and  as  much  fmallcr  than  .the  objedt,  as  the  dif- 
tan'ce  A F is  fmallcr  than  the  diflance  A E. 

5.  Now  this  image  f F is  to  be  confidered  as 
the  objed  with  refped;  to  the  eye-glafs  Q B O, 
Ence  the  ray-s  that  fall  upon  this  glafs  are  thof'e 
which  would  form  the  image  F f,  but  that  they 
are  intercepted  in  their  paffage  by  the  concave 
glafs  Q B Q ; fo  that  though  the  image  is  only 
imaorinarv,  the  .eifed  is  the  fame  as  if  it  were 
real. 

6.  The  image  F f,  that  w^e  may  now  confider 
as  an  objedf,  being  at  the  focal  diflance  of  the  lens 
Qbq,  will  be  tranfported  to  an  infinite  diflance 
by  the  refradion  of  the  glafs.  This  new  image  is 
marked  in  the  .figure  by  Gg,  of  which  the  diflance 
AG  fliould  be  confidered  as  infinite;  and  the  rays 
Being  a fecond  time  refraded  by  the  glafs  Q B O, 
will  continue  the  fame  diredion  as  if  they  came 
from  the  image  Gg. 

7.  This  fecond  image  G.g^  being  the  objed 
that  is  feen  by  him  who  looks  through  the  tele- 
fcope,  we  mufl  confider  it’s  fize.  Now  as  it  arifes 
from  the  firfl  image  F f,  and  the  refradion  of  the 
glafs  Q B O,,  draw’  according  to  the  general  rule 
from  Bthe  middle  of  the  concave  glafs  a line  paf- 
fing  through  f the  extremity  of  the  firfl  image, 
.and  it  will  mark  at  g the  extremity  of  the  fecond 
image. 
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8.  Now  as  the  fpecflator  applies  his  eye  at  E, 
and  as  the  rays  that  fall  upon  his  eye  are  received 
as  if  they  came  from  the  image  Gg,  it  will  appear 
under  the  angle  G Bg  evidently  larger  than  the  an- 

' gle  E Ae,  under  which  the  object  Ee  appears. 

9.  To  compare  thefe  angles,  1 muH:  inform 
you  that  the  angle  EAe  is  equal  to  the  angle  FAf, 
and  the  angle  GBg  is  equal  to  the  angle  F B f . 
I have  now  therefore  only  to  prove  that  the  angle 
F B f exceeds  the  angle  FA  f,  as  much  as  the  line 
A F exceeds  the  line  B f. 

10.  To  prove  this,  we  mufl:  have  recourfe  to 

certain  propolitions  deduced  from  geometry,  con- 
cerning the  nature  of  fedtors.  You  probably  rer- 
member  that  a fector  is  an  arch  of  a circle  in- 
cluded between  two  radii;  thus  C M N,/^.  4,  pi.  6, 
is  a feiflor  of  a circle  ; C M,  C N,  the  two  radii ; 
M N the  arch  or  portion  of  the  circumference. 
There  are  therefore  three  things  to  be  confidered 
in  a fedlor : i.  The  radius  of  the  circle,  as  C M, 

C N.  2.  The  quantity  of  the  arch  M N.  3.  The 
angle  M C N. 

< II.  Let  us  now  confider  the  two  fcdlors 
M C N,  and  m c n,  fig.  4,  pL  6,  of  which  the  radi} 
C M and  c m are  refpeclively  equal.  Geometry 
proves,  that  in  this  cafe  the  angles  C and  c are  in 
the  fame  ratio  as  the  arcs  M N and  m n;  or  in  other 
words,  that  the  angle  C is  fo  many  times  larger 
than  the  angle  c,  as  the  arc  M N is  larger  than 
the  arc  m n ; or  in  more  general  terms,  when  the 
radii  are  equal,  the  angles  are  proportional  to  their 
rcfpedlive  arches. 

12.  In  the  two  fedfors  MCN  and  men, 
jig.  5,  pi.  6,  the  angles  are  equal,  but  the  radii  are 
unequal-  The  elements  of  geometry  prove,  in  this 
cafe,  that  the  arc  M N is  fo  many  times  greater  than 
the  arc  m n,  as  the  radius  C M is  greater  than  c m ; or 
that  the  arcs  are  proportional  to  the  refpedfive  radii 

when 
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'when  the  angles  are  equal.  Thereafon  is  evident, 
for  each  arc  contains  the  fame  number  of  de- 
grees ; but  the  degrees  of  a large  circle  are  as 
much  larger  than  thofc  of  a fmall  one,  as  the  longer 
radius  exceeds  the  fmaller  one. 

13.  In  the  two  feclors  M C N and  m c 6, 
■pL  6,  the  arcs  are  equal,  but  the  radii  are  unequal. 
Here  the  angle  C,  which  anfwers  to  the  longelt 
radius,  is  the  fmallefl,  and  that  in  the  fame  ratio  as 
the  radii  ; or  the  angle  c is  fo  many  times  larger 
than  the  angle  C,  as  the  radius  C M is  larger  than 
the  radius  cm;  or  in  more  general  terms,  the  an- 
gles arc  reciprocally  proportional  to  the  radii  when 
the  arcs  are  equal. 

14.  The  lad  article  comes  more  immediately 
to  our  purpofe,  with  the  addition  of  this  obferva- 
tion,  that  when  the  angles  are  very  fmall  (as  is  the 
cafe  in  fmall  Galilean  tclefcopes),  the  arcs  MN 
and  m n do  not  differ  fenfibly  from  their  cords,  Of 
the  drait  lines  M N and  m n. 

15.  vVe  may  now  return  to  the  former  dia- 
gram. The  triangles  F A f,  F B f,  may  be  confi- 
dered  as  fedors,  and  the  arc  F f as  common  to 
both;  confequently  the  angle  FBf  exceeds  the 
angle  F A f,  as  much  as  the  didance  A F exceeds, 
that  of  B F;  or  the  objed  Ee  will  appear  in  the  te- 
lefcope  under  an  angle  as  much  larger  than  that 
under  which  it  appears  to  the  naked  eye,  as  the 
focal  didance  of  the  objecd-glafs  exceeds  that  of 
the  eye,  which  was  what  I had  to  prove  to  you. 

You  wdll  ealily  comprehend  from  what  has 
been  faid,  that  very  great  advantages  are  not  to  be 
expeded  from  a telefcope  condruded  on  this  plan; 
for  in  order  to  obtain  any  confidcrable  magnifying 
power,  it  mull  be  made  very  long,  a circumdance 
that  renders  it  inconvenient  in  ufc.  Befidcs  this 
there  arc  other  diddvantages,  among  which  the 
fmallnefs  of  the  apparent  field  is  the  principal. 

This 
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This  naturally  leads  me  to  confidcr  the  nature 
of  the  apparent  fields  which  is  an  article  of  great 
importance  in  all  telefcopcs.  When  you  diredl  a 
telefcope  towards  the  heavens  or  any  other  diftant 
objedf,  the  fpace  difcovered  appears  of  a circular 
form,  and  no  objects  are  feen  but  what  are  con- 
tained W'ithin  this  circle;  fo  that  if  you  are  defirous 
of  viewing  other  objects,  you  muff  change  the  po- 
fition  of  the  telefcope;  this  circular  fpace  is  called 
the  apparent  field,  or  limply  the  field  •of  view. 
Hence  you  will  readily  conceive,  that  it  muft  be  a 
great  advantage  to  have  a telefcope  with  a large 
field,  and  that  a fmall  field  muft  be  confidered  as  a 
defed. 

As  a large  field  is  a great  pcrfedlion  in  a tele- 
fcope, it  is  often  neceftary  to  meafure  the  field  ; 
this  is  generally  attained  by  meafuring  the  number 
of  degrees  contained  in  the  fpace  taken  in  by  the 
telefcope,  w’hen  direCfed  to  the  heavens,  or  to  fome 
very  diftant  objecft.  1‘hus  as  the  apparent  dia- 
meter of  the  full  moon  is  about  half  a degree,  if  a 
telefcope  only  takes  in  the  moon,  we  fay  it’s  field 
is  half  a degree;  but  if  you  only  fee  one  half  of 
the  moon,  the  field  wmuld  only  be  a quarter  of  a‘ 
degree. 

But  in  order  to  judge  rightly  of  the  field  of  a 
telefcope,  you  muft  take  in  the  magnifying  power; 
for  it  is  an  univerfal  maxim,  that  the  more  a tele- 
fcope magnifies,  the  fmaller  is  the  field : nature 
here  preferibes  the  boundaries.  Let  P A P,  jig.  3, 
pi.  7,  be  the  objecf-glafs,  Q 1>  O the  eye-glafs  of  a 
telefcope,  E F the  axis  thereof,  E e an  object  at  a 
great  diftance,  feen  under  the  iWigle  EAe,  which 
reprefents  haT  the  diameter  of  the  apparent  field; 
wdiich  extend  as  much  on  one  fide  the  axis  as  on 
the  other.  The  point  E is  the  center  of  the  field  ; 
the  ray  E A is  not  refradted  as  it  paftes  through  the 
middle  of  the  glaflcs,  perpendicular  to  their  axis  : 
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in  order  therefore  that  this  ray  fhould  enter  the 
eye,  the  eye  mull  be  placed  fomewhere  on  the  axis 
B F,  behind  the  eye-glafs,  and  fo  that  the  pupil 
may  be  on  the  line  B F ; this  is  a general  rule  with 
refpc<^t  to  all  telefcopes.  Let  us  now  confider  the 
vifible  extremity  e of  the  objedf  ; and  of  this  it  is 
plain  that  the  extremity  e of  the  object  cannot 
be  feen  unlefs  the  ray  eA  proceeding  therefrom 
enters  the  eye. 

Let  us  then  confider  the  diredion  of  the  ray 
eA  ; now,  according  to  the  law's  of  refradlion,  this 
ray  is  not  refradted,  becaufe  it  pafTes  through  the 
middle  of  the  objedt-glafs  A.  This  ray  will  there- 
fore continue  in  the  fame  direction  to  unite  with 
other  rays  proceeding  from  the  fame  point  e,  to 
form  at  f an  image  of  the  object  reprefented  by  f F, 
the  point  f being  the  image  of  the  point  c of  the 
object  eE  : but  this  ray  meeting  at  m the  concave 
glafs,  and  not  falling  on  the  middle  thereof,  will 
be  refracted  ; and  inftead  of  proceeding  to  f,  will 
proceed  in  the  direction  m n,  more  diverging  from 
the  axis  B F.  You  remember  that  the  objeCt-glafs 
forms  an  inverted  image  of  the  object  at  F f,  and 
that  F f becomes  the  objeCt  with  refpeCt  to  the 
eye-glafs,  by  w'hich  it  is  tranfported  to  Gg.  The 
diffance  BG  is  as  great  as  that  of  the  objeCt, 
becaufe  F f is  in  the  focus  of  the  eye-glafs. 

With  refpeCl  to  the  fize  of  the  images,  the 
firfi:  F f is  determined  by  the  ftrait  line  e A f,  drawm 
from  e through  the  middle  of  the  glafs  PAP;  and  ’ 
that  of  the  other  G g,  by  a ftrait  line  fBg,  drawm 
from  f through  B the  middle  of  the  eye-glafs.  The 
ray  A m directed  tow'ards  the  point  f is  refraCled 
and  proceeds  towards  m n,  and  this  line  continues 
backwards,  paffes  by  g,  for  the  ray  m n produces 
the  fame  elieCt  upon  the  eye  as  if  it  proceeded 
really  from  g.  Now  as  m n diverges  from  B F, 
;ivherc  the  pupil  of  the  eye  is  placed,  it  cannot  en- 
ter 


49-  Lectures  on  Natural  Philosophy. 

ter  the  eye  if  it  diverges  further  than  the  limits  of 
the  pupil  of  the  eye;  ib  that  in  this  fpecies  of  te- 
lefcope  the  field  depends  on  the  fizc  of  the  pupil 
«f  the  eye,  and  the  larger  this  is  the  larger  is  the 
■field  ; fo  that  if  the  difhmce  Bm  does  not  exceed 
fhe  fame  diameter  of  the  pupil  of  the  eye,  and  that 
this  field  may  not  be  diminifhed,  the  eye  fliould 
aly  ays  be  placed  as  near  as  pofiible  to  the  eye-glafi , 

To  determine  then  the  fize  of  the  field  in 
thefe  telcfcopes,  you  have  only  to  tak6  the  interval 
B m equal  to  the  femidiameter  of  the  pupil,  and 
then  draw  a line  m A e from  m,  and  the  middle  of 
the  objeefi:  glafs,  and  this  line  will  mark  upon  the 
objedf  that  extremity  e which  will  be  viiible  by 
the  telefcope,  and  the  angle  eAE  wdll  give  the 
femidiameter  of  the  field.  From  this  it  is  very 
evident,  that  if  the  difiance  between  the  two 
glafies  exceeds  a few  inches,  the  angle  BAm 
will  becon'ie  very  linall,  bccaufe  the  difiance 
B m is  only  about  the  of  an  inch.  Now^ 
in  order  to  magnify  much  with  thefe  tele^ 
fcopes,  the  difiance  between  the  glafles  mufi  be 
confiderably  increafed,  in  which  cafe  the  field 
would  be  infinitely  fmall ; fo  that  the  extent  ot 
thefe  telcfcopes  is  limited  by  the  nature  of  their 
confirudion,  and  the  optician,  in  order  to  produce 
great  effeds  conveniently,  is  obliged  to  have  re- 
courfe  to  other  kinds. 

. A Summary  View  of  the  Properties  of  the 

Galilean  Telescope. 

1.  The  focal  difiance  of  the  objed-glafs  mufi- 
be  greater  than  that  of  the  eye-glafs,  or  it  will  not 
magnify  an  objed. 

2.  The  magnifying  power  is  equal  to  the 
quotient,  arifing  by  dividing  the  focal  difiance  of 
the  objed-glafs  by  that  of  the  eye-glafs. 

3.  The* 
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3.  The  rays  proceeding  from  the  eyc-glafs  to 
the  eve,  are  nearly  parallel  i if  this  docs  not  luir 
the  eye,  the  tube  containing  the  cye-glais  inufl:  be 
put  in,  or  drawn  out  a little,  till  the  objedl  appears 
diftind. 

4.  The  vifible  area  of  the  objed:  is  greater,  the 
nearer  the  eye  is  to  the  glafs,  and  depends  on  the 
diameter  of  the  eye’s  pupil,  and  ot  the  objedl-glafs; 
the  field  of  view  is  therefore  very  fmalL 

5.  If  this  telcfcope  be  long,  the  vifible  area 
is  fo  fmall  as  to  render  it  ufelefs  ; this  arifes  from 
the  fmallncfs  of  the  objedl-glafs ; but  if  this  be 
broader,  the  objed  will  be  coloured  and  confufed. 

Of  the  Astronomical  Telescope. 

The  next  kind,  which  is  denominated  the 
njlronomical  telcfcope^  conlifts  alfo  only  of  two 
Icnfes,  and  both  of  them  are  convex.  Let  PAP, 
fig.  6,  reprefent  the  objed-glafs  which  is 

convex,  and  vvhofe  focus  is  at  F ; Q Q ^ deeper 
and  fmaller  convex  lens  for  the  eye-glafs,  which  is 
to  be  fixed  upon  the  fame  axis,  fo  that  it’s  focus 
may  coincide  w ith  the  point  F ; holding  the  eye  at 
o,  fo  that  the  diftance  B O be  nearly  equal  to  the 
focal  difiance  of  the  eye-glafs.  With  a telcfcope 
conftruded  in  this  manner  ebjeds  will  be  feeii 
diftindly,  and  magnified  in  the  fame  proportion  as 
the  focus  of  the  objed-glafs  exceeds  that  of  the 
eyc-glafies;  but  it  reprefents  all  objedts  inverted, 
which  does  not  lefien  it’s  value  for  aftronomical 
purpofes,  but  renders  it  inconvenient  and  improper 
for  viewing  terreftrial  objeds. 

I have  to  explain  to  you,  ifi.  How  this  ar- 
rangement of  glalfes  Ihcws  difiant  objeds  diftindly. 
2d,  Why  it  magnifies  in  the  fame  proportion  as 
the  focus  of  the  objed-glafs  exceeds  that  of  the 
eye-glafs,  and  exhibits  the  objeds  in  an  inverted 

X poll  t ion. 
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pofition.  And,  3d,  Why  the  eye  is  not  to  be 
placed  clofe  to  the  eye-glafs,  as  in  the  former 
conftrudion. 

1.  The  firll  article  is  proved  in  a fimilar 
itianner  to  the  fame  article  in  the  preceding  con- 
ftrudion  ; the  rays  eP,  e P,  which  are  parallel  to 
each  other,  before  they  fall  upon  the  objed-glafs, 
are  thereby  refraded  and  united  at  it’s  focus  ; in 
order  therefore  for  diftindl  vifion,  the  eye-glafs 
muft  re-eftablifh  the  parallelifm  of  the  rays,  which 
is  effedled  by  placing  the  eye-glafs  fo  that  it’s 
focus  may  be  at  F,  and  confequently  the  ravs  will 
proceed  from  it’s  parallel  to  each  other,  and  fall 
upon  the  eye  in  that  dircdlion. 

2.  For  the  explanation  of  the  fccond  article, 
let  us  coniider  the  objed;  c E,  fg.  16,  pi.  6,  fup- 
pofed  to  be  placed  at  an  infinite  diftance.  The 
image  of  this  objed:  formed  by  the  objed:-glafs,  at 
it’s  focus,  will  be  F f ; this  image  will  be  inverted, 
and  become  an  object  for  the  eye-glafs,  and  being 
lituated  at  it’s  focus  the  image  wdll  be  at  an  infinite 
diflancc,  fuppofe  at  Gg,  AG  being  confidered  an 
infinite  difiance  as  well  as  A E.  Now  to  deter- 
mine the  fize  of  this  image,  draw  a firait  line  B fg 
through  B the  middle  of  the  lens,  and  the  extre- 
mity f of  the  image.  This  fecond  image  is  the 
immediate  objett  of  vifion,  and  being  at  an  infi- 
nite difiance  will  be  feen  under  the  angle  GBg; 
but  the  object  itfelf  is  feen  under  the  angle  EAe. 
I fcarcely  need  obferve  to  you,  that  it  is  indifierent 
where  the  points  A and  B are  tj^en,  as  the  dif- 
tance  is  confidered  as  infinite.  The  triangles 
FA  f,  FBf,  may,  as  in  the  preceding  confirudtion, 
be  confidered  as  fe<ftors  of  a circle,  the  line  F f 
being  an  arch  common  to  both,  for  the  angles  are  fo 
fmall  that  the  chord  may  be  taken  for  the  arch; 
A E and  B F are  the  refpedtive  radii,  and  the 
arches  are  equal ; and  of  courfe,  as  I have  proved 

before^ 
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before,  the  angles  h' a f (or  EAe)  and  FBf  (or 
GBg)  are  in  the  hxme  ratio  as  the  radii  BF  and 
A F.  Therefore  the  angle  G B g,  under  which  the 
objedl  is  feen  by  the  telefcope,  is  fo  much  larger 
than  the  angle  E A c,  under  which  the  objedt  is 
feen  by  the  naked  eye,  as  A F is  larger  than  B F. 

3.  With  refpedl  to  the  place  of  the  eye,  the 
proper  lituation  thereof  is  determined  by  the  field; 
for  if  you  remove  it  either  way  from  the  focus  of 
the  eye-glafs,  the  field  is  diminiflied.  It  is  a great 
advantage  in  telefcopes  of  this  conftruftion,  that 
by  removing  the  eye  from  the  eye-glafs,  the  field 
may  be  to  a certain  degree  increafcd  ; and  it  is  ow- 
ing to  this  that  the  magnifying  power  of  thefe 
may  be  fo  much  increafcd,  which  will  be  evident 
by  the  following  confiderations  : 

1.  Let  Ee, pi^  5^  be  the  objedt  at  an 
infinite  diftance,  e the  extremity  vifible  by  the  te- 
lefcope, whofc  glaffes  PAP,  Q B O,  are  fituated 
on  the  axis  E A B O ; we  have  now  to  conlider  the 
diredlion  of  the  ray  e,  which  proceeds  from  the 
extremity  of  the  obje^  through  the  middle  of  the 
objcdl-glafs;  for  the  other  rays  proceeding  from 
the  fame  point  e,  only  contribute  to  ftrengthen  the 
effedt  produced  by  this  ray. 

2.  The  ray  eA  pafling  through  the  middle  of 
the  glafs  P P is  not  bent,  but  palling  on  in  the  di- 
redlion  A fM,  pairing  by  the  extremity  f of  the 
image,  and  falling  upon 'the  eye-glafs  at'M.  Here 
it  is  necellary  to  obferve,  that  if  the  eye-glafs  is 
not  large  enough  to  reach  M,  this  ray  would  not 
enter  the  eye,  and  the  point  c would  be  invifible  ; 
that  is,  in  other  words,  the  extremity  e mud  be 
placed  nearer  the  axis,  to  make  the  ray  A f M fall 
upon  the  eye-glafs. 

3.  This  ray  A M will  be  refradled  by  the  eye- 
glafs  ; the  mode  of  it’s  refradlion  will  be  ealily  in- 
tredigated  : to  this  end  let  confider  the  fecond 

image 
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image  G g.  Now  the  line  B prolonged,  fall's 
upon  g,  the  extremity  of  the  fecond  image,  and  the 
refraded  ray  takes  the  diredion  N O,  which  being 
prolonged  falls  upon  g. 

4.  Since  then  the  two  lines  ON  and  Bf  meet 
at  g at  an  infinite  dilfance,  i\iey  maybe  confidered 
as  parallel  to  each  other  ; therefore,  to  determine 
the  pofition  of  the  refraded  ray  NO,  we  have  only 
to  draw  a line  parallel  to  the  line  B f. 

5.  From  hence  it  is  evident,  that  the  ray  N O 
muff  meet  with  the  axis  of  the  telefcope  as  at  O; 
and  fince  generally  when  the  magnifying  power  is 
great,  the  point  F is  much  nearer  the  glafs  Q Q 
than  the  glafs  P P,  the  interval  B M will  be  a little 
larger  than  the  image  F f ; and  as  the  line  NO  is 
parallel  to  f B,  the  line  BO  will  be  almoft  equal  to 
B F,  the  focal  diftance  of  the  eye-glafs. 

6^  The  eye  being  placed  at  O will  receive  not 
only  the  rays  which  come  from  the  middle  of  the 
objed  E,  but  alfo  thofe  which  proceed  from  the 
extremity  e,  and  confequently  thofe  which  come 
from  all  other  parts  of  the  objed  ; the  rays  from 
B O and  N O wdll  fall  at  the  fame  time  on  the  eye, 
however  fmall  the  pupil  may  be ; the  field  there- 
fore in  this  conflrudion  does  not  depend  upon  the 
lize  of  the  pupil,  provided  the  eye  be  placed  at  O, 
but  the  moment  the  eye  is  removed  from  O,  the 
apparent  field  is  diminiflied. 

7.  If  the  point  M was  not  at  the  extremity  of 
the  eye-glafs,  it  would  tranfmit  rays  that  were  fur- 
ther removed  from  the  axis,  and  the  field  would 
be  larger.  Therefore  to  determine  the  field  of 
which  the  telefcope  is  capable,  draw  from  A the 
middle  of  the  objcd-glafs,  to  M the  edge  of  the 
eye  glafs,  the  line  AM;  this  continued  to  e,  the 
object  will  mark  the  vifible  extremity  thereof^ 
confequently  the  angle  EAe  or  BAM  gives  the 
feniidiameter  of  the  apparent  fields  which  is  con- 
fequently 
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fequently  augmented  in  proportion  as  the  eye- 
glafs  is  larger.  In  the  firft  kind  the  field  depended 
on  the  aperture  of  the  pupil  of  the  eye,  in  this  it 
depends  on  the  aperture  of  the  eye-glafs. 

Bytheobjedf-glafs  the  objedtis  carried  from  Ee 
to  F f ; by  the  eye-glafs  it  is  as  it  were  removed  from 
F f to  Gg;  the  image  Gg,  from  being  at  fuch  a dif- 
tance,  is  feendifiindtly.  This  image  is  feen  by  the  eye 
at  O under  the  angle  G O g or  B O N,  while  the  ob- 
jedl  is  feen  by  the  naked  eye  under  the  angle  E A ej 
the  telcfcope  therefore  magnifies  in  the  fame  pro- 
portion as  the  angle  BON  is  greater  than  the  an- 
gle E A e.  Now  as  N O is  parallel  to  B f,  the  angle 
B O N is  equal  to  the  angle  F b f,  and  the  angle 
EAc  is  equal  to  F Af;  therefore  the  magnifying 
power  may  be  determined  by  the  proportion  be- 
tween the  angles  F b f and  F A f.  Now'  F b f 
is  as  much  larger  than  F A f,  as  the  line  A F is 
larger  than  the  line  B f,  or  as  much  as  the  focus 
of  the  objedl-glafs  exceeds  that  of  the  eye-glafs. 

Summary  of  the  Properties  of  the  Astrono- 
mical Telescope. 

I.  The  magnifying  power  is  in  the  propor- 
tion of  the  focal  diftance  of  the  objedt  to  the  eye- 
s^lafs. 

O ^ 

■ 2.  The  rays  emerging  from  the  eye-glafs  to 

the  eye  fhould  be  parallel  for  a good  eye;  if  this 
does  not  fuit  another  eye,  then  the  tube  muft  be 
pufhed  in  or  pulled  out  till  theobjedl  appears  dif- 
tind. 

3.  The  apparent  magnitude  of  an  ubjedl  is 
the  fame  wherever  the  eye  be  placed,  but  the  vifi- 
.ble  area  is  the  greateft  when  the  eye  is  nearly  at 
the  focal  diftance  of  the  eye-glafs. 

4.  The  objedl  is  always  inverted. 

5.  The  vifual  angle  depends  on  the  breadthi 
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of  the  eye-glafs  ; for  it  is  equal  to  the  angle  which 
the  eye-glafs  fubtends  at  the  obje(^l-glafs  from  E cl 

There  are  two  other  circumflances  relative 
to  the  perfection  of  telefcopes,  which  we  have 
now  to  confider ; the  brightnejs  or  quantity  of 
lights  and  the  dijiin^lnejs  wdth  which  objed;s  are 
feen. 

With  refpecl  to  brightnefs,  the  telefcopc  may 
be  confidered  as  perfect  when  it  reprefents  them 
as  bright  as  they  are  feen  by  the  naked  eye,  which 
is  the  cafe  when  the  aperture  of  the  pupil  is  filled 
by  the  rays  which  come  from  each  part  of  the  ob- 

after  being  tranfmitted  through  the  telefcope; 
ib  long  as  a telefcopc  furniflies  a fuflicient  quantity 
of  rays  to  fill  the  aperture  of  the  pupil,  no  greater 
brightnefs  can  be  defired,  for  a greater  quantity 
\vould  be  ufelcfs.  But  as  the  fize  of  the  pupil  va- 
ries, it  has  been  ufual,  in  confidering  this  fubje6f, 
to  confider  it  of  about  of  an  inch  diameter:  when 
you  confider  that  the  light  of  the  fun  is  reckoned 
to  exceed  that  of  the  moon  300,000  times,  you 
will  ealily  perceive  that  afmall  diminution  of  light 
is  not  of  any  great  confequencc.  Let  us,  however, 
examine  the  rays  tranfmitted  by  the  telefcopc,  and 
compare  them  with  the  affigned  diameter  of  the 
pupil  ; this  w ill  be  clearer  by  attending  only  to 
one  point  of  the  object,  that,  for  inftance,  which 
coincides  with  the  axis  of  the  telefcope. 

I.  The  objedl  being  at  an  infinite  diftance, 
the  rays  w hich  fall  upon  the  furface  of  the  objedt 
may  be  confidered  as  parallel  to  each  other;  there- 
fore all  the  rays  which  come  from  the  center  of 
the  objedt  will  be  contained  between  the  lines  e P, 
e P,  parallel  to  the  axis  E.  A,  Jig.  1 5,  pi.  6.  All  thefc 
rays  taken  together  arc  named  the  pencil  of  rays^ 
which  fall  upon  the  objedt-glafs,  and  the  thick- 
nels  of  this  pencil  is  equal  to  the  aperture  of  the 
■ ohiecl-glafs,  whofe  diameter  is  P A P. 

" 2.  Thjj 
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2.  This  cylindrical  pencil  of  rays  is  changed 
into  a conical  one  P F P by  the  objedt-glafs  ; after 
having  crofTed  at  the  focus  F,  the  rays  proceed  and 
form  another  cone,  the  apex  of  which  is  at  the 
focus,  and  the  bafe  is  the  eye-glafs.  Now  it  is 
evident,  that  the  bafe  of  the  cone  mm  is  as  much 
fmaller  than  the  pencil  P P,  as  the  diftancc  F B Is 
fliorter  than  the  dihance  A F. 

3.  Now  the  rays  F m,  F m,  after  palling 
through  the  eye-glafs,  again  become  parallel  to 
each  other,  and  form  the  pencil  no,  no,  which 
enter  the  eye,  and  paint  thereon  the  image  of  that 
point  from  w'hich  they  originally  proceeded. 

Every  thing  turns  now  upon  the  fizeof  the 
pencil  of  rays  no,  no,  which  enters  the  eye  ; if  the 
diameter  thereof  is  equal  or  greater  than  the  aper- 
ture of  the  pupil,  it  will  be  filled,  and  the  objedl 
will  be  feen  with  all  pofTible  brightnefs. 

5.  But  if  the  fize  of  this  pencil  be  much 
fmaller  than  that  of  the  pupil,  it  is  clear  that  the 
reprefentation  w’ould  be  obfeure,  which  is  a great 
defed  in  any  telefcope ; to  prevent  w hich,  the  laft 
pencil  of  rays  fliould  be  rather  more  than  tV  of  an 
inch  in  diameter,  though  it  would  be  better  if  it 
was  nearly  of  an  inch* 

6.  Now  it  is  evident,  that  the  fize  of  the  lafl 
pencil  of  rays  depends  on  the  fize  of  the  firft  by 
w hich  it  is  formed,  which  is  eahly  determined  ; 
for  we  have  only  to  fee  how  much  fmaller  n n is 
than  PP,  the  aperture  of  the  obje6f-glafs.  Now 
jPP  is  to  nn  as  A F to  B F,  on  which  the  magni- 
fying power  depends ; therefore  the  magnifying 
power  fhews'how  much  larger  the  pencil  E P,  EP, 
is  than  the  pencil  no,  no. 

7.  From  hence  it  is  evident,  that  the  aperture 
of  the  objedt-glafs  fliould  be  increafed  in  propor- 
tion as  the  magnifying  powder  is  augmented ; con- 
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fcquently  if  this  proportional  diameter  cannot  be 
given  to  the  objedl-glafs,  the  telefcope  will  be  de- 
fed  ive.  , . 

Opticians  have  eflabliflicd,  as  a general  rule, 
that  the  aperture  of  a lens  ihould  always  be  fmaller 
than  half  it’s  focal  diftance. 

Diflindnefs  of  expreffion  is  confefTedly  the 
moft  important  article  in  the  nature  of  telefcopes, 
and  to  attain  it,  has  exercifed  the  genius,  and  called 
forth  the  abilities  of  a Newton,  Dollond,  Euler, 
D’Alembert,  &c. 

You  may  remember  that  I affumed  as  a prin- 
ciple, that  a convex  lens  united  in  one  point  the 
image  of  all  the  rays  proceeding  from  any  given 
point  of  an  objed.  If  this  was  rigoroufiy  true,  the 
images  formed  hy  Icnfes  would  be  as  well  termi- 
nated, and  as  pcrfedly  defined,  as  the  objed  itfelf. ! 

But  this  principle  is  only  true  to  a certain  de- 
gree, and  with  refped  to  thofe  rays  that  are  near 
the  center  of  the  lens  ; for  the  rays  which  pafs 
through  the  glafs  at  a dillance  from  this  center  are 
not  colleded  in  the  fame  point  with  thofe  which 
pafs  through  the  middle,  and  from  this  double 
image  great  indiftindnefs  arifes. 

To  render  this  more  clear,  we  muft  again 
have  reference  to  a diagram.  Let  P P,  jig.  7,  pL  7, 
be  a convex-glafs  ; Ee  an  objed  fituated  on  the 
axis  thereof ; E the  point  coinciding  with  the 
nxis,  and  fending  out  rays  EM,  EN,  EA,  EM, 
EN,  on  the  furface  of  the  glafs.  We  have  to  con- 
lider  how  the  diredion  of  thefe  rays  is  changed  by 
the  lens. 

1.  The  ray  E A pafing  through  the  middle  of 
the  glafs  is  not  refraded,  but  proceeds  in  the  fame 
rectilinear  direflion  A B E. 

2.  The  rays  EM,  EM,  which  are  very  near 
to  E A,  are  only  refraded  in  a fmall  degree,  but  fo 
as  to  unite  fomewhere,  as  at  F,  which  point  of 

union 


On  Telescppes.  <oi 

union  w’e  have  confidered  as  the  focus  of  the 
lens. 

3.  The  rays  EN,  E N,  which  are  further 

from  the  axis,  or  nearer  the  edge*  of  the  giafs,  are 
refradled  fomcwhat  differently,  fo  as  to  meet  at  G 
nearer  the  lens  than  the  point  F,  forming  a fcpa- 
rate  image  Gg.  _ _ 

4.  This  circumftance  concerning  the  rays 
which  fall  upon  the  lens  at  a diffance  from  the 
center,  and  there  forming  another  image  of  the 
fame  point,  feparate  from  that  which  is  formed  by 
the  rays  that  pafs  near  the  center  of  the  lens, 
though  I have  not  noticed  it  to  you  before,  merits 
confiderable  attention. 

5.  From  hence  you  will  perceive,  that  the  firfl 
image  F f is  formed  only  by  the  union  of  thole 
rays  w’hich  are  very  near  the  middle  of  the  glafs, 
and  that  a fuccelhon  of  images  is  formed  by  the 
ravs  that  are  more  and  more  removed  from  the 

j 

axis,  till  at  laft  you  come  to  thofe  which  fall  near 
the  edge  of  the  lens,  which  form  the  image  Gg. 

6.  An  indefinite  number  of  images  are  there- 
fore formed  between  F f and  Gg,  by  the  rays  that 
fall  upon  the  furface  of  the  lens  between  the  axis 
and  the  edge  thereof. 

7.  This  fuccelTion  of  images  is  termed  the 
aberration  arifing  from  the  fpbericity  of  the  glafs,  or 
the  diffufion  of  the  image ; and  it  mull  be  evident 
to  you,  that  when  thefe  rays‘  enter  the  ey^e,  the 
vifion  obtained  thereby'of  the  original  point  mull 
f)e  confufed  and  indillindt ; but  if  the  fpace  F G 
could  be  reduced  to  the  point  F,  there  w'ould  be 
no  confulion  or  want  of  dillindfnefs. 

8.  This  difiufion  or  difperfion  of  the  rays  is 
greater  in  proportion  as  the  arcs  P A B,  P B P,  are 
larger  fegments  of  their  refpedtive  circles;  and  you 
v’ill  perceive  from  thence,  that  very  thick  and  con- 
vex lenfes  are  to  be  rcjedled;  thus,  in  this  figure, 
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here  the  arcs  PAP  and  PBP  are  the  fourth 
part  of  the  whole  circuinfcrence,  the  confufion 
would  be  infupportable. 

9.  Some  authors  who  have  written  upon  this 

fubjedl,  fay,  that  the  arch  forming  the  lens  fliould 
not  contain  more  than  20  degrees  of  it’s  refpe(3ivc 
circumference.  ‘ ‘ 

10.  But  if  the  lens  be  defigned  for  the  objed- 
glafs  of  a telefcope,  it  muft  be  formed  of  an  arc 
containing  fewer  degrees ; for  though  the  difper- 
fion  of  the  rays  may  be  infenfible  in  itfelf,  the 
magnifying  power  multiplies  it  as  aften  as  the  ob- 
ject itfelf : hence  the  greater  the  magnifying  povver, 
the  fmaller  the  number  of  degrees  that  Ihould  bc 
embraced  by  the  objebl-glafs. 

When  the  difperfion  of  the  rays  is  very  great, 
it  may  be  leiTened  by  covering  the  edge  of  the  lens 
with  an  opake  ring,  leaving  only  a fmall  aperture 
round  the  center  of  the  lens ; by  this  means  dij- 
tirMneJs  is  rpftored,  but  brightnefs  is  dimimfhed, 
and  as  piuch  is  loib  on  one  hand  as  is  gained  on 
the  other  ; the  more  fo  as  every  increafe  in  magni- 
fy ing  power  requires  a proportional  increafe  of 
aperture.  Opticians  ha.e  therefore  with  much 
pains  and  afliduity  endeavoured  to  diP'over  feme 
means  of  correedng  this  difperfion,  without  lefTen- 
ing  the  aperture  of  the  objeCt-glafs. 

The  focus  of  the  rays  which  pafs  through  the 
middle  of  a convex  lens,  is,  as  you  have  feen,  fur- 
ther from  the  lens  than  the  focus  of  the  rays  which 
pafs  near  the  edge  of  the  glafs.  Now  it  has  been 
obferved  by  opticians,  that  a concave  lens  produces 
a contrary  eflet^t  ; they  have  confequently  invefti- 
gaced  this  fubjebt,  in  -order  to  fee  whether  they 
could  not  combine  a concave  with  a convex  lens, 
fo  as  to  correbl  or  deflroy  this  aberration,  while 
the  compound  lens  produced  the  ordinary  eftedb  of 
a limple  objecl-glafs.  We  have  already  fhewn 
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you,  that  concave  lenfcs  are  confidered  according  to 

their  locus  as  well  as  convex  lenfes,  but  with  t is 
difference,  that  the  focus  of  a concave  lens  is 
iual  or  imaginary^  and  falls  before  the  lens, 
that  of  the  convex  is  real^  and  falls^behind  the 
lens.  Thefc  circumftances  being  coniidered,  op- 
ticians  reafoned  in  the  following  manner. 

1.  If  you  place  a concave  leris  behind  a convex 
one  of  the  fame  focal  diftance,  the  rays  that  would 
have  been  united  in  it’s  focus  are  fo  refracted  as  to 
be  rendered  parallel  to  each  other,  as  they  weie  be- 
fore they  entered  the  glafs. 

2.  In  this  cafe  the  concave  lens  deftro)\s  the 
cffedl  of  the  convex,  and  the  rays  go  on  in  their  ori- 
ginal and  natural  order. 

3.  If  the  focal  diffance  of  the  concave  lens  is 

fmaller  than  that  of  the  convex,  the  effed  would 
be  greater,  and  the  rays  rendered  diverging.  1 hus 
the  incident  parallel  rays,  LM,  LA,  LM,  jig.  8, 
^/.  7,  paffing  through  the  giaffes  M P,  Q Q,  will  go 
on  diverging  in  the  diredion  NO,  Bh,  NO. 
Thefe  two  giaffes  therefore,  when  combined,  pro- 
duce the  fame  effed  as  a fingle  concave,  that  would 
give  to  parallel  rays  the  fame  degree  of  divergence. 
Two  giaffes  combined  together,  of  which  the  con- 
cave has  a fmaller  focal  diftance  than  the  convex, 
are  equivalent  to  a fingle  concave  glafs. 

4.  But  if  the  concave  lens  Q Q,  jig.  9,  pL  7, 
has  a longer  focal  diftance  than  the  convex  lens 
P P,  it  will  not  even  render  the  rays  parallel  that 
the  convex  lens  would  unite  at  it’s  focus  P,  but  it 
will  however  fo  far  leffen  their  convergence,  that 
inftead  of  meeting  at  E they  will  unite  at  O,  a 
point  further  from  the  lens. 

5.  The  combined  lenfes  in  this  inftance  pro- 
duce the  fame  efted  as  a fingle  convex  lens,  whofe 
focus  would  be  at  O.  It  is  evident  then,  that  it  is 
poffible  to  vary  infinitely  the  combination  of  two 
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Ienfes,<the  one  convex  and  the  other  concave,  fb 
that  the  combined  lenfes  may  be  equivalent  to  any 
given  convex  lens. 

6.  Such  a combined  lens  may  be  applied  to  a 
telefcope  inftcad  of  a Tingle  lens,  and  the  effect  with 
reTpebt  to  magnifying  power  will  be  ftill  the  fame; 
but  the  degree  of  dilfulion  or  difperlion  in  the  rays 
will  be  very  different;  it  may  be  greater  or  much 
lefs  than  in  a fingle  lens  : in  the  lalf  cafe  the  dou- 
ble objed-glafs  will  be  far  preferable  to  a fingle 
one. 

7.  But  what  is  ftill  more  advantageous,  it  is 
poftible  fo  to  arrange  them,  that  this  difperfion  may 
be  deftroyed.  Calculation  difeovers  thefe  combi- 
nations, but  the  hand  of  the  artift  is  not  equal  to 
the  execution. 

The  combination  of  two  lenfes  in  the  manner 
that  1 have  here  deferibed,  forms  what  is  called  a 
compound  ohjecf-gla/s ; the  end  to  be  attained  is, 
that  the  ravs  which  pafs  through  the  lens,  as  well 
thofe  at  the  edge  as  thofe  at  the  center,  may  be 
united  in  a fingle  point,  and  form  only  one  image, 
without  fuch  a difperfion  of  the  rays  as  takes  place 
in  a fingle  object  glafs. 

Many  are  the  advantages  that  would  be  de- 
rived from  fuch  a combination ; the  objeifl  would 
appear  more  diftinCl  and  better  terminated,  be- 
caufe  the  vifion  would  not  be  confufed  by  that 
mij^ed  fuccefiion  of  images  produced  by  a fingle 
object -glafs.  This  difperfion  of  the  rays  is  one 
of  the  principal  reafons  which  forces  us  to  make 
ufe  of  very  long  telefcopes,  in  order  thereby  to  di- 
minifti  the  effcCl  of  the  difperfion  ; but  if  this 
difperfion  was  entirely  deftroyed,  much  fmaller 
ones  might  be  ufed,  that  Ihould  be  produdlive  of 
the  fame  effedl. 

It  will  be  neceflary  to  obferve  to  you  here, 
that  the  Tides  or  faces  of  the  lenfes  may  be  formed 
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in  different  ways^  almofl:  ad  infinitum ^ and  yet  the 
focus  remain  the  fame  ; this  is  effected  by  forming 
the  lides  of  equal  or  unequal  radii,  as  will  be  evi- 
dent by  confidering  an  example.  Let  us  fuppofc 
then  a convex  lens,  whofe  lides  have  been  formed 
on  a tool  of  24  inches  radius,  confequently  each 
face  is  the  fegment  of  a circle  of  24  inches  radius ; 
it  will  be  equally  convex  on  both  lides,  and  be  of 
24  inches  focus,  as  commonly  effimated ; but  as 
the  focus  depends  on  the  refradlion,  it  varies  ac- 
cording to  the  denfity  of  the  glafs ; generally  the 
focal  point  is  nearer  the  lens  than  the  radii  of  the 
face,  fometimes  a tenth  or  twelfth  part,  fo  that  the 
lens  that  we  have  fuppofed  to  be  ground  on  a cool 
of  24  inches  radius  will  have  it’s  focus  at  22 
inches. 

By  making  the  furfaces  unequal,  an  infinite 
variety  of  lenfes  may  be  formed,  that  lliall  all  have 
the  fame  focus;  ex.  gr.  if  one  face  be  taken  of  a 
fmaller  radius  than  24  inches,  the  other  muff  be 
taken  of  a longer,  the  one  thus  compenfating  for 
the  other.  The  following  table  exhibits  a view  of 
fome  of  the  varieties  with  which  the  two  faces  of 
a lens  may  be  worked,  and  yet  produce  the  fame 
cffecL 


Glaffes. 

Radius  of  iff  face. 

Radius  of  2d  face. 

I 

24 

24 

2 

21 

28 

3 

20 

30 

4 

18 

36 

5 

16 

48 

6 

^ 15 

60 

7 

14 

84 

8 

13 

156 

9 

12 

infinite. 

In  the  laff  or  ninth  form  the  radius  is  only  12, 
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the  half  of  24  inches  ; but  the  other  face  the  feg- 
r ent  of  a circle,  whofe  radius  is  infinite,  and  rhere- 
fere  may  be  confidered  as  a ftrait  line  ; and  thcre^ 
fere  this  lens  would  be  a plano-convex. 

If  you'are  defirous  that  one  of  the  faces  be 
formed  of  a fmaller  radius  than  12  inches,  the 
other  face  mull:  be  concave,  and  the  glafs  will  be 
convexo-concave,  or  what  is  termed  a menifeus, 
1 he  following  table  is  a fpecimen  of  figures  for 
this  form  : 


Menifeus. 

Rad.  of  I fi;  face. 

Rad.  of  concave* 

10 

1 1 

132 

1 1 

10 

60 

12 

9 

36 

n 

% 

24 

14 

6 

1 2 

15 

4 

6 

16 

3 

4 

You  have  here  then  fixtecn  different  kinds  of 
lenfes,  whofe  foci  will  all  be  at  the  fame  diftance 
or  point.  If  the  focus  only  were  confidered,  it 
would  be  indifferent  which  of  thefc  were  employed; 
yet  it  is  not  fo  with  refped:  to  the  difperfion  of  the 
rays,  for  in  this  refpecl  they  differ  confiderably  ; it 
is  much  more  in  fome  than  in  others.  Amongft 
thefe,  that  of  the  feventh  kind  is  one  of  thofe  where 
the  difperfion  is  leaf!:,  being  nearly  one  half  lefs 
than  it  would  be  if  the  lens  were  equally  convex  on 
both  fides  ; and  it  is  therefore  of  an  advantageous 
figure  for  a fingle  objed-glafs. 

From  w hat  has  been  faid,  you  perceive,  that 
in  order  to  corredl  the  aberration  that  arifes  from 
the  fphericity,  it  is  necelfary  to  refolve  a problem 
which  will  difeover  what  are  the  proper  radii  for 
the  two  furfaces  of  a lens,  fo  that  the  difperfion  of 
the  rays  may  be  annihilated ; the  folution  requires 

a con- 
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a confiderable  knowledge  of  the  more  profound 
parts  of  geometry,  and  therefore  does  not  come 
within  the  compafs  ot  thefe  Lc6ture>  ; enough, 
however,  has  I hope  been  faid  to  render  the  lubje(^t 
clear  to  you,  and  to  point  out  the  necellity  and 

nature  of  thefe  invedigations. 

There  is  ftill  another  aberration  to  be  cor- 
redled,  another  caufe  of  difperjion  in  the  rays  to  be 
counteracftcd  ordeftroyed  ; this  feems  more  impor- 
tant, and  more  diflicuk  to  be  cured,  as  it  does  not 
depend  on  the  but  on  the  nature  and  proper- 
ties of  the  rays  of  light.  You  no  doubt  remember 
what  I have  already  told  you  refpefting  the  variety 
in  the  rays,  according  to  the  different  colours  they 
occafioned,  that  is,  that  they  w^ere  of  different  de- 
grees of  refrangibility  ; thus,  that  the  red-making 
rays  were  the  lead  refradled,  and  the  violet-mak- 
ing rays  the  mod  refraded,  all  the  other  rays  fal- 
ling within  thefe  two  extremes. 

Thus  when  a beam  of  light  falls  obliquely 
upon  a piece  of  glafs  A BCD,  fig.  lo,  pi.  7,  in- 
‘dead  of  proceeding  in  the  fame  diredion  P O,  it 
is  not  only  refraded  but  feparated  into  feveral 
Vays  Pt,  P S,  Pr,  Pv,  of  which  the  fird  P t,  that 
is  the  lead  refraded,  reprefents  the  red-making 
ray,  and  the  lad  P v,  the  violet-making  ray.  Their 
divergence  is  indeed  much  lefs  than  that  which  is 
reprefented  in  this  diagram,  but  fufficient  to  be- 
come fenflble. 

From  this  difference  in  the  refrangibility  of 
the  rays,  arife  various  phenomena  with  refped  to  * 
dioptric  glalfcs,  among  which  are  the  following : 

I.  Let  fig.  Hi  pi.  7,  be  a convex  lens  at 
a Confiderable  didance  AO,  from  the  object  Oo,  to 
determine  the  image  formed  by'  the  lens,  without 
taking  into  confideration  the  aberration  already 
difculfed;  or  what  comes  to  the  fame  thing,  only 
‘ con- 
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confidcring  the  rays  that  pafs  through  the  middle 
of  the  lens. 

2.  Let  us  fuppofe  that  the  objecfl  Oo  be  red, 
and  the  rays  proceeding  therefrom  will  be  all  red- 
making  rays,  and  will  form  fomewhere  a red  image 
Rr  of  the  objedf,  and  R wdll  be  the  focus  of  the 
red-making  rays,  or  thofe  which  have  the  leaft  re- 
fracT:ion. 

3.  But  if  the  objed:  Oo  be  violet,  the  rays 
will  be  more  refraded,  and  the  image  V v will  be 
nearer  the  lens,  and  the  point  V will  be  the  focus 
of  thefe  rays. 

4.  If  the  objed  be  of  any  of  the  intermediate 
colours  between  thefe  two,  the  image  will  fall  be- 
tween R and  V, 

5.  But  if  the  objed  is  not  of  an  homogeneous 
colour,  (or  is  white,)  as  is  the  cafe  in  mod  bodies,' 
the  different  kinds  of  rays  are  feparated  by  refrac- 
tion, and  each  kind  forms  an  image  apart ; that 
formed  by  the  red-making  rays  will  be  found  at 
R r,  and  that  by  the  violet  at  V v,  and  the  fpace 
R V will  be  iillcd  by  images  of  the  intermediate 
colours. 

6.  The  glafs  P P will  reprefent  an  indefinite 
number  of  images  of  each  objed  O o formed  in  the 
fpacc  R V,  and  fituated  in  the  order  of  the  prif-  . 
matic  colours, 

7.  Each  of  thefe  images  will  be  didind  in 
itfelf,  but  taken  together  produdive  of  a very  fen- 
lible  confudon. 

8.  Here  then  is  another  fpecies  of  difperdon 
totally  independent  of  that  which  we  have  al- 
rcadj^  treated  of,  and  tinging  eacii  image  with  a 
particular  colour. 

9T  This  difperdon  depends  condderably  on  the 
focal  didance  of  the  lens,  being  about  i^Vth  part  5 

when  the  focal  didance  is  28  feet,  the  fpace  K V . 

is 
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is  about  I foot.  If  the  lens  was  of  56  feet  focus* 
R V would  be  about  2 feet. 

I have  now  explained  to  you  a fecond  fource 
or  caufe  of  indiftindl  or  iinperfed:  vilion ; namely, 
that  which  arifes  from  the  different  refrangibility 
of  the  rays : which  requires  a dilfeient  mode  of 
corredion  from  the  former  error,  which  I fhall 
treat  of  wdien  we  come  to  fpeak  of  acromatic 
TELESCOPES  ; and  only  Ihew  here,  how  the  error 
may  be  in  a degree  corre(fted,  by  the  difpofition  of 
the  eye-glalFes. 

1.  It  is  certain,  that  the  objecf-glafs  forms  an 
infinity  of  images  of  each  objeef,  fucceflively  rang- 
ed in  the  fpace  of  diffufion,  each  of  which  tinged 
wdth  it’s  proper  colour. 

2.  Each  of  thefe  images  becofnes  an  objecl, 
wdth  refpedt  to  the  eye-glals,' with  it’s  refpecdivc 
colours  ; and  if,  inffead  of  one  eye-glafs,  more  are 
ufed,  the  fame  thing  ftill  takes  place. 

3.  Let  us  therefore,  in  this  diagram,  confider 
the  laff  images  that  the  telefcope  forms  for  the  eye 
at  O,  and  let  Rr  be  the  red  image,  and  Vv 
the  violet ; the  other  colours  falling  wdthin  this 
fpace,  according  to  their  different  degrees  of  re- 
frangibility. The  lenfes  are  not  exhibited  in  the 
figure,  becaufe  w^e  are  only  to  confider  the  manner 
in  which  the  images  are  feen  by  the  eye,  fuppofing 
the  diffance  from  the  eye  to  them  to  be  very  great. 

4.  All  thele  images,  together  wdth  the  inter- 
mediate ones,  are  fituated  on  the  axis  ORV  of  the 
telefcope,  and  terminated  by  a ftrait  line  rv,  that 
we  may  call  the  terminator  of  all  the  images. 

5.  According  to  the  reprefentation  in  the 
figure,  the  red  image  Rr  is  feen  by  the  eye  at  O, 
under  the  angle  ROr,  which  is  larger  than  the 
angle  V O v,  under  which  the  violet  image  V v is 
viewed ; the  violet  rays  which  enter  the  eye,  are 
therefore  mixed  with  the  red  rays  which  proceed 
from  the  part  Rr  of  the  image  Rr;  and,  confe- 

4 quentiy 
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qucntly^  there  is  a very  great  confufion  of  the 
images. 

6.  But  the  ray  Or  not  being  mixed  with  the 
others,  the  extremity  or  edge  of  the  image  will  be 
red ; but  will  foon  after  be  mixed  with  the  other 
colours,  forming  the  iris,  which  is  fo  common  in 
other  telefcopes.  If  the  largefb  image  was  the 
violet,  the  confufion  would  be  as  great  as  be- 
fore, with  only  this  difference,  that  the  extreme 
edge  would  be  violet,  not  red. 

7.  Much  of  the  confufion  will  depend,  there- 
fore, on  the  pofition  of  the  terminator  rv  ; and  from 
the  various  fituations  that  may  be  given  to  it,  this 
confufion  will  be  fometimes  greater,  and  fome- 
times  lefs. 

8.  Suppofe  that  the  images  were  fo  arranged, 
that  the  terminator  v r pafled  diredlly  into  the  eye 
by  a fingle  ray  vrO;  then  the  extremities  of  the 
image,  and  all  the  points  which  anfwer  to  one 
point  in  the  objeft,  would  form  only  one  point  in 
the  eye,  and  the  point  of  the  objed:  would  be  rc- 
prefented  diftindly. 

9.  This  advantage  is  to  be  obtained  when  the 
terminator,  being  prolonged,  pafles  diredlly  into 
the  eye;  and  fuch  a pofition  is  to  be  fought  for  in 
the  arrangement  of  the  eye-glaffes. 

Before  we  enter  upon  acromatic  telefcopes,  I 
fhall  endeavour  to  explain  the  nature  of  telefcopes 
with  three  eye-glaffes,  in  which  the  image  is  feen 
cred:. 

I.  l>et  the  four  glaffes  A,  B,  C,  D,  fig.  7.  pi.  8, 
in  the  tube  reprefent  the  telefcope  ; the  glafs  A, 
direded  towards  the  objed:,  is  called,  as  ve  have 
before  faid,  the  objed-glals,  the  three  others  the 
eye-glafics  : the  four  glaffes  are  convex. 

o.  Let  us  confider  the  effed  produced  by  each 
eyc-glafs,  the  object  oO  being  fuppofed  at  a con- 
fiderable  diftance.  The  objeCt-glafs  will  form  an 
image  of  the  objed  at  P p,  it  s locus  ; the  fixe  ot 
. this 
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this  Image  may  be  found  from  o,  through  the  mid- 
dle of  the  glafs  A.  I have  not  drawn  this  line, 
in  order  to  avoid  confufion  from  a multiplicity 
thereof. 

3.  The  image  Pp  now  becomes  an  objedf, 
w ith  refped:  to  the  eye-glafs  B,  which  is  fo  placed 
that  the  interval  Bp  is  equal  to  the  focus  of  Bt 
by  this  the  fecond  image  is  tranfported  to  Q q,  and 
is  inverted,  as  well  as  the  firft  Pp  ; it’s  lize  is  de- 
termined bv  a line  drawn  from  the  middle  of  the 
glafs  B,  through  p. 

4.  The  interval  A B,  between  thefe  tw'o  Icnfes, 
is  equal  to  the  fum  of  their  foci,  forming  the 
agronomical  telefcope  already  explained;  the  image 
being  inverted,  and  magnified  as  many  times  as 
AP  exceeds  BP;‘but  inftead  of  the  eye-glafs, 
another  lens  C is  placed  behind  B ; with  refpedt 
to  this  lens,  the  image  Qq  becomes  the  objedf, 
which  being  at  a confiderable  difiance,  the  lens  C 
forms  an  image  thereof  at  it’s  focus  r. 

5.  The  image  Qq  being  inverted,  that  of 
R r will  be  inverted,  and  terminated  by- a fight 
line  drawn  from  q through  the  middle  of  the  glafs 
C,  which  will  pafs  by  r ; confequently,  the  three 
lenfes  A,  B,  C,  give  the  image  of  the  objedt  Oo  at 
r,  and  this  image  is  upright. 

6.  You  have  now  only  to  place  the  third  lens 
fo  that  the  interval  DR  be  equal  to  the  focus. 
By  this  the  image  will  be  again,  as  it  were,  tran- 
ferred  to  an  infinite  difiance  Ss,  of  which  the  fize 
will  be  determined  by  a firait  line  drawn  through 
the  middle  of  the  glafs  d,  and  palling  by  the  extre- 
mity of  the  image  r,  and  the  image  Ss  will  be 
feen  by  the  eye,  inlbead  of  the  objedt  Oo. 

7.  It  is  eafy  now  to  determine  how  many  times 
a four-glalfed  telefcope  magnifies  the  objedt.  For 
this  purpofe,  you  have  only  to  conlider  the  lenfes 
in  pairs.  A,  B,  and  C,  D ; each  of  thefe,  taken  fe- 
parately,  being  an  afironomical  telefcope.  The 

lirfi: 
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firfl  pair  of  glaffes^  A and  B,  magnify  the  object 
as  many  times  as  the  focal  diftance  of  A exceeds 
that  of  B,  and  juft  fo  many  times  the  image  Qq 
exceeds  the  objedt  Oo. 

8.  Qq  being  now  conftdered  as  the  objedl,  is 
magnified  as' many  times  as  the  focus  of  C exceeds 
that  of  D ; thefe  two  powers  added  together,  give 
the  total  magnifying  pow^r  of  the  telefcope. 

Fig,  II,  pi.  4,  is  a perfpecftive  view  of  a model 
defigned  to  illuftrate  the  nature  of  a four-glafs 
telefcope,  which  fliews  the  objed:s  in  their  true 
pofitions  ; the  rays  of  light  are  reprefented  by  filk 
ftrings  of  different  colours,  fo  that  their  progrefs 
is  eafily  traced  ; A B C the  objecft,  D E the  obje(ft- 
glafs,  IK,  MN,  QR,  the  eye-glaffes,  fo  placed 
that  the  foci  of  D E and  I K meet  in  G.  Thofe  of 
I K and  M N may  meet  at  L,  and  thofe  of  M N, 
Q R,  may  meet  in  g.  From  the  progrefs  of  the 
rays,  you  perceive  that  the  image. at  H T is  in- 
verted, that  the  rays  proceed  from  1 K in  a parallel 
diredtion,  croffing  at  L,  from  whence  they  go  on 
to  M N,  pafs  through  it,  and  are  thereby  converged 
into  a focus,  and  form  a fecond  image  fgh  eredt, 
which  image  wdll  be  viewed  by  the  eye  in  the  fo- 
cus of  the  eye-glafs  Q R.* 

Summary  View  of  the  Properties  of  this 

Telescope. 

The  magnifying  power  is  in  proportion  as  the 
focal  diftance  of  the  objedt-glafs  is  to  the  focus  of 
the  eye-glafs. 

It  ftiews  the  objcdl  eredt,  but  not  fo  bright  as 
in  the  telefcope  with  two  lenfcs ; becaulc  the 
' other  eye-glafs  refledhs  a confiderable  quantity  of 
light  which  is  loft. 

^ The 

* At  jig.  XI,  pi.  4,  another  mofiel  is  reprefented,  formed 
with  lenlesj  lo  try  expei  imeuidlly  the  places  ol  the  images. 
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The  vilible  area’  depends  on  the  breadth  of 
the  eye-glafs. 

The  brightnefs  of  an  objedl  fcen  through  a 
given  telefcope,  is  greater  in  proportion  as  the 
aperture  of  the  objeft-glctfs  is  greater. 

If  the  aperture  and  focus  of  the  objecl-glafg 
remain  the  fame,  an  objedl  appears  brighttr  or 
fainter  according  to  the  greater  or  lefs  focal  dif- 
tance  of  the  eye-glafs,  that  is,  according  to  the 
magnifying  power  ; for  the  fame  quantity  of  light 
being  fpread  over  a greater  or  fmaller  furface,  ren- 
ders the  image  obfeure  or  brighter. 

On  the  Construction  and  Magnifying  Power 
OF  Telescopes  made  with  several  Eye-Glasses.  - 

In  this  diagram,  pi.  8,  fig.  i,  A is  the  firf^, 
B the  fecond,  C the  third,  Dthe  fourth,  E the  hfth 
eye-glafs,  and  O the  objedl-glafs.  DA  the  axis 
of  the  telefcope  is  alfo  the  common  axis  of  all  the 
lenfes;  I m w an  oblique  pencil  pafTing  through  the 
objedt-glafs,  and  falling  on  the.  extreme  edge  of 
the  lens,  which  is  next  the  objcdl-glafs.  Ow*is 
the  axis  of  the  pencil  (reprefented  by  a black  line), 
ftewn^  as  refrae:ted  fucccllively  into'  the  lines  v, 
vt,  t s,  sr,  r cutting  the  axis  of  the  telefcope 
(when  produced)  in  the  points  6,  l,  7,  /3,  rcfpec-  • 
tively.  O is  the  focus  of  this  oblique  pencil  after 
refradlion  at  the  objed-glafs;  c,  d,  c,  b,  the  fuc- 
cefTive  foci  of  this  pencil  after  refradhon  at  each  of 
the  eye-glalfcs.  From  each  of  thefe  foci  draw 
perpendiculars  to  the  axis  of  the  telefcope,  and  ' 
thefe  perpendiculars,  ox,  eg,  d h,  c z,  by-,  will  be 
places  and  magnitudes  of  fucceilive  images  cither" 
real  Qx  imagmaryj  real  when  the  image  is  acluallv 
formed,  fo  that  it  would  be  vilible  if  the  rays  were 
received  upon  a w-hitc  paper ; nnafinary  when 
the  rays  after  refraction  proceed  as  if  they  came 
VoL.  II.  ,L  1 fron> 
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from  or  tended  to  fuch  an  image,  although  this 
image  is  not  adlually  formed.  When  the  image  is 
reaty  the  rays  of  each  pencil  aclually  come  to  a focus. 
When  it  is  imaginary,  thefe  rays  after  refradlion 
diverge  from  or  converge  towards  fuch  a focus, 
but  are  never  actually  united. 

Although  each  lens  has  it’s  image  cither  real 
or  imaginary,  yet  there  are  only  two  real  ones  ia 
the  conilriuftion  here  delineated,  the  firft;  e g in- 
verted, the  fecond  b y upright. 

When  the  number  of  real  images  is  even,  the 
objedc  will  be  feen  upright ; when  that  number 
is  odd,  the  object  is  inverted.  Galileo’s  telefcope,  in 
which  there  is  no  real  image,  thews  the  object;  up- 
right ; it  cannot  therefore  be  applied  to  inftru- 
ments  in  which  crofs  wires  are  ncceflary,  becaufe 
the  wires  cannot  be  fo  placed  as  to  be  feen  dif- 
tindly  together  with  the  objedl. 

All  that  is  effential  to  the  conftruclion  of  te- 
Icfcopes  is,  only  that  the  rays  of  the  fame  pencil,^. 
which  enter  parallel,  fhould  likewife  emerge  pa- 
rallel, for  the  objc(!:i:  wilb  in  that  cafe  be  feen  diP- 
tinClly  ; the  intervals  and  focal  lengths  therefore 
of  all  the  Icnfes,  except  one,  may  be  affumed  at 
pleafure,  from  whence  that  one  mud  be  determined. 
This  alfcrtion  of  mod  writers  on  optics  is  true,  if 
nothing  elfe  be  attended  to  but  the  courfe  of  a few 
rays  coming  from  a lingle  point  in  the  axis  of  the 
telefcope,  and  it  be  only  required  that  the  middle: 
of  the  object  be  feen  didinclly  ; but  the  cafe  is  very 
didcrenr,  if.it  be  required  that  all  parts  of  the  ob- 
ject diould  be  feen  as  far  as  may  be  equally  dif- 
tindl,  for  then  the  aberration  of  the  extreme  pen- 
cil in  palling  through  the  e}  e-glafles  mud  be  taken 
into  conlideraticn  ; and  the  number,  place,  and; 
focal ‘lengths  of  the  eyc-glaHes,  mud  be  fuch  as. 
may  Icireu  at  kail,  if  not  remove  thefe  aberra.- 
ti.ons. 
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It  may  be  obferved,  that  generally  in  any 
Tingle  lens,  the  greater  the  f(x:al  length,  and  the 
lefs  the  aperture,  the  lefs  will  be  the  aberration  of 
the  refraded  rays.  That  conftrudlion  is  therefore 
[cceteris  paribus)  the  bed,  in  which  the  eyc-glalTes 
have  large  focal  diftances  and  fmall  apertures  ; 
thofe  efpecially  that  are  concerned  in  forming  the 
lad:  image.  As  to  the  dngle  lens  by  which  the 
laft  image  is  viewed,  it  may  be  allowed  to  have  a 
fhort  focal  length,  particularly  if  it’s  aperture 
may  be  contradled;  for  though  this  lens  magnifies 
the  faults  already  made  in  the  lad:  image  by  the 
other  glafs,  it  does  not  create  new  faults. 

, ^ Among  the  various  forts  of  telefcopes  made 
with  convex  lenfes,  and  defigned  to  fhew  the  ob- 
ject upright,  thofe  with  four  or  five  glalTcs  are 
preferable  to  thofe  with  fewer.'  The  fewer  lenfes 
there  are  in  the  eye-tube,  the  greater  muft  be  the 
fefradlion  of  the  extreme  pencils  at  each  lens,  fup- 
pofing  the  fum  of  all  the  refradfions,  or  the  whole 
change  in  the  diredlion  of  the  pencils,  to  be  the 
Tame.  Now  though  the  number  of  refradhions  is 
increafed,  yet  if  the  quantity  of  each  retradlion  be 
proportionably  diminilhed,  the  fum  of  all  the 
aberrations  in  thefe  pencils  will  be  greatly  lef- 
fened ; and  the  lols  of  light,  by  paffing  through 
more  glafies,  will  be  very  inconfiderablc. 

Agreeable  to  this  principle,  it  is  found,  that  aa 
objedl  feen  through  two  double  convex  lenfes, 
both  of  a lize,  and  put  clofe  together,  appears 
diftindter  near  the  edges  of  thofe  lenfes,  than  if 
Teen  through  one  lens  wdiofe  focal  length  is  equal 
to  that  ot  the  other  two  fo  combined  top-ether : 
likewife  two  equal  plano-convex  lenfes  ifiew’  aa 
objedt  diftinder  at  tlieir  edges  when  combined 
with  their  convex  Tides  touching  each  other,  than, 
contrariwife.  Thus  then  the  aberrations  from  the 
iigure  of  the  eye-glalfes  m.ay  be  lelTened,  by  in- 
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crcafing  the  number  and  diminiihing  the  quantity 
of  the  fevcral  refractions. 

The  lens  L,  which  intercepts  the  rays  before 
the  firft  image  is  formed,  diminiflies  the  magnify- 
ing power,  but  improves  the  diflindtnefs  of  the 
tclefcope,  by  leffening  the  diameter  of  the  aper- 
tures of  the  deep  lenfes  D and  C.  The  extreme 
pencil  O W,  which  diverges  from  O,  being  re- 
fracted by  this  lens  into  W V,  is  made  to  converge 
towards  the  axis  of  the  telefcope,  fo  that  if  pro- 
duced it  would  meet  at  e.  By  this  means  the  fe- 
midiameter  of  the  lens  D is  reduced  to  DV, 
whereas  if  the  firft  real  image  had  been  formed  at 
O X by  the  objedt-glafs  only  (the  extreme  pencil 
Oo  in  that  cafe  continuing  to  diverge),  the  femi- 
diameter  D V muft  have  been  greater  than  the 
image  O x,  to  take  in  the  fame  field. 

The  rays  belonging  to  this  and  e'very  other 
pencil  which  diverge  from  eg,  the  firft  real  image 
muft  be  made  to  converge  again  by  the  two  lenfes 
D and  C,  that  a fecond  real  image  may  be  formed 
upright.  Two  lenfes  are  employed  for  this  pur- 
pofe,  becaufc  the  errors  in  the  fecond  image  will 
be  lefiened  by  their  contrary  refradtions ; fuppof- 
ing  therefore  their  convexities  equal,  and  that  the 
rays  of  this  pencil  (refradled  into  vt)  go  parallel 
or  nearly  fo  between  the  lenfes  D and  C,  then  it  is 
evident,  that  the  focal  length  of  D muft  be  equal  to 
the  diftance  e v (==:g  D),  or  nearly  fo ; therefore  the 
lenfes  D and  C,  having  a Ihorter  focal  length,  will 
by  no  means  admit  of  an  aperture,  whole  femi- 
(liametcr  is  greater  than  ox.  It  may  be  further 
obferved,  that  this  pencil,  which  at  firft  diverged 
from  the  axis  of  the  tclefcope,  in  the  angle  w OE 
and  y ^ D,  by  the  interpolition  of  the  lens  E,  this 
change  is  made  at  two  refradlions  (at  w and  v)> 
which  muft  other  wife  have  been  made  by  the  re- 
fraction of  the  lens  D only. 
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In  like  manner,  the  other  lens  B,  which  inter- 
cepts the  rays  juft  before  the  fecond'real  image  is 
formed,  diminiihes  indeed  the  magnifying  power, 
but  makes  the  telefcope  more  diftindt.  The  ex- 
treme pencil  we  have  been  confidcring,  after  re- 
fradlion  at  t by  the  lens  c,  diverges  from  the  axis 
of  the  telefcope,  proceeding  as  if  it  came  from  the 
point  7;  but  being  refradled  by  the  lens  B into  sr, 
is  made  to  converge,  fo  that  if  produced  it  would 
meet  the  axis  of  the  telefcope  in  /3.  This  lelTens 
the  lafl  image,  reducing  it  from  c z to  by ; and  as 
it  is  this  image  which  is  viewed  by  the  eye  through 
the  eye-glafs  A,  the  interpofition  of  the  lens  B 
lelTens  the  magnifying  power,  the  eye-glafs  A re- 
maining the  fame.  The  extreme  pencil  S v thus 
converging  upon  the  eye-glafs  A,  the  femidiameter 
of  this  glafs  will  be  reduced  to  A r;  whereas,  had 
the  lens  B not  been  interpofed,  (the  extreme  pen- 
cil tsc  continuing  to  diverge  from  7)  the  femi- 
diameter of  this  eye-glafs  muft  have  been  greater 
than  the  image  c z,  to  take  in  the  whole  field.  As 
a fmall  aperture  of  the  eye-glafs  A is  fufficient  to 
take  in  the  whole  field  when  the  pencils  thus  fall 
upon  it  converging,  this  lens  may  be  allowed  to 
have  a fliorter  focal  length,  and  thus  compenfate 
for  the  lofs  of  magnifying  power  by  the  interpofi- 
tion  of  the  lens  B,  without  increafing  the  aberra- 
tion of  the  extreme  pencils. 

You  may  prove  this  experimentally  by  taking 
out  the  fecond  eye-glafs,  then  drawing  out  the  tube 
to  make  the  telefcope  dillindt  again,  and  you  will 
find  the  magnifying  power  increafed,  the  field  di- 
minifhed,  and  perhaps  indiftindt  near  the  edges. 

Of  Achromatic  Telescopes. 

To  render  this  fubjedl  plain  and  clear,  I fliall 
;-ccal  to  your  mind  a few  of  thofe  principles  which 
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'W’e  have  already  explained.  Thus  you  know  that 
a ray  v>l  light,  refracted  by  pafTing  through  mediums 
of  diifercnt  denfitics,  is  at  the  fame  time  propor- 
tionally divided  or  fpread  into  a number  of  parts, 
called  homo'gencal  rays,  each  being  the  exciting 
caufe  of  a different  colour  ; and  that  thefe  rays 
after  refraction  proceed  diverging.  ; 

That  a ray  of  light  pahing  obliquely  from  a 
rarer, into  a denfer  medium,  is  refracted  towards 
the  perpendicular ; but  when  it  palfes  from  a 
denfer  into  a rarer  medium,  it  is  refracfed  from 
the  perpendicular.  , , . 

That  when  a ray  of  light  is  refraefted  out  of 
air  into  a given  medium,  or  out  of  a given  medium 
into  the  air,  the  fines  of  the  angles  of  incidence 
and  refraction  are  in  a conflant  ratio.  ' 

But  light  confiding  of  parts  which  are  differ- 
ently refrangible,  each  part  of.  an  original  or  com- 
pound ray  has  a ratio  peculiar  to  itfelf ; and  that 
the  more  the  heterogene  ray  is  refradled,  the  more 
will  the  colour-making  rays  diverge,  as  the  lines  of 
the  homogenC;  rays  are  confrant,  and  equal  retrac- 
tion produces  equal  divergencies. . . 

From  hence  you  have  alfo  been  fhewn,  that 
the  rays  , when  palling  through  a convex  lens,  in- 
ffead  of  uniting  in  one  focus,  form  as  many. loci  of 
different  dilfances,  as  there  are  coloured  rays.;  and 
that  the  prifmatic  colours,  or  irifes,  which  appear 
towards  the  borders  of  convex  lehfes,  render  the 
images  confufed,  , . ^ , 

The  indidindfnefs  of  vilion  produced  by  this 
caufe,  .which  is  fenlible  in  teielcopcs  of  a fmali 
aperture,  increafes  into  fo  high  a ratio  upon  enlarg- 
ing the  aperture,  namely,  as  the  cubes  of  the  dia- 
meters, that  unlefs  this  confufion  c f colours  w as 
corrected,  it  would  be  in  pofiible  to  increafe  great- 
ly ttie  power  of  rcfraCi  ng  telefcopj  s,  wdthowt  ex- 
tending their  length  to  a very  inconvenient  Irnc. 
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It  was  known  before  Mr.  Dolloncks,  thatdif- 
'ferent  tr  nfparcnt  bodies  poffcircd  feme  a greater 
and  fome  a lefs  refraftive  powc^i- ; and  it  was  taken 
for  granted,  until  he  evbiced  to  the  contrary,  that 
the  difper.ive  power  of  the  coloured  ray  was  in 
every  tranfparent  body  proportional  to  it’s  mean 
refractive  power  ; or  in  other  words,  that  the  re- 
fraction of  the  coloured  rays,  whatever  body  they 
paiTed  through,  were  always  in  a conllant  deter- 
minate ratio  to  each  other.  Confequently,  if  the 
difperllon  produced  by  a convex  lens,  were  coun- 
tera(^ded  by  another  lens  or  medium  of  a concave 
form,  that  the  rcfracHon  would  alfo  be  totally  de- 
ftroyed ; and  that  this  would  be  the  event,  if  the 
two  lenfes  were  even  made  of  the  fime  matter. 
Upon  this  fuppofition,  it  W'as  impofiible  ever  to 
correct  this  iaiilt  in  dioptric  telefcopes. 

While  opticians  continued  to  think,  that  equal 
refractions  would,  in  every  fort  of  medium,  necef- 
farily  produce  equal  divergencies,  and  that  confe- 
quently  equal  and  contrary  refractions  would  de- 
ll roy  each  other,  and  that  the  divergency  of  colour 
from  one  refraction  w’ould  be  corrected  by  the 
other,  there’ could  be  no  pofTibility  of  producing 
any  refraCtion  that  w^ould  not  be  affected  by  the 
different  refrangibility  of  light.  For,  however  a 
ray  of  light  might  be  refracted  backwards  and 
forwards  by  different  media,  provided  it  was  fo 
done  that  the  emerging  ray  w as  parallel  to  the  in- 
cident one,  it  would  always  be  white  or  colourlcfs  ; 
but  if  it  came  out  inclined  to  the  incident  ray>  it 
would  diverge  and  be  ever  after  coloured. 

This  erroneous  fuppolkion  w^as  countenanced 
by  an  experiment  of  Sir  I.  Newton,  of  placing  two 
prifms,  one  made  of  glafs  contained  wdthin  a prif- 
ruatic  veffel,  filled  with  water,  in  fuch  manner 
that  the  rays  oflight  which  were  refraCfcd  by  the 
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prifm  of  glafs  iLould  pafs  through  and  be  re^ 
fraded  in  a contrary  diredion,  and  in  as  great  a 
degree  by  the  water  prifm  ; by  which  means  he 
relateSj  that  light  thus  rcflored  to  it’s  original  dir 
rediion  was  white  and  free  from  colours. 

“In  the  year  1757,  Dollond  re- 

peated this  famous  experiment  of  ISezvton,  of  re- 
frading  a ray  of  light  through  prifms  of  glafs  and 
water,  placed  with  their  refrading  angles  in  oppo- 
fite  diredions,  and  fo  proportioned  to  each  other 
that  the  ray  after  thefe  oppofite  refradions  emer- 
ged parallel  to  the  incident  ray.  According  to 
the  Newtonian  dodrine,  there  ought  here  to  have 
been  no  divergency  of  the  heterogeneal  rays,  and 
no  colour  produced  by  thefe  equal  and  oppofite  re- 
fradions. ' 

But  this  w^as  not  the  refult  of  the  experiments; 
the  ray  was  very  fenfibly  coloured.  Mr.  Dollond, 
bnding  that  oppofite  refraeT.,ions  produce  colour 
notwithftanding  the  parallelifm  of  the  incident 
and  emergent  ray,  concludes,  that  by  properly  ad- 
jufting  the  angles,  he  might  elfcd  an  inclination 
of  the  refraded  to  the  incident  light,  without 
any  colour  or  divergency.  Experiment  proved  his 
rcafoning  to  be  jud. 

It  may  be  proper  to  obferve  here,  that  thofe 
media  are  faid  to  have  the  fame  7?2ean  refractive 
denfiiVy  which,  under  equal  obliquities  of  incidence, 
equally  refrad  the  mean  refrangible  ray  ; and 
two  media  are  faid  to  have  the  fame  dijperfive 
powery  which  produce  an  equal  inclination  of  rays 
of  the  fame  colour  to  the  mean  refrangible  ray, 
when  the  whole  refradion  of  the  mean  refrangible 
lay  is  equal  in  both. 

l.et  the  vertex  of  a flint  glafs  prifnty  the  re- 
f rafting  angle  ofzvbicb  is  equal  to  23°^^o',  be  applied 
’to  the  baje  of  a croven  glafs  prifm  y the  ref  raft  mg 

angle 


On  Telescopes. 


521 


tangle  of  Tjh/cb  is  equal  to  2^^  ; a ray  of  f el ar  light 
zvill  pafs  through  the  prifins  zvhen  their  Jurfaces  are 
contiguous^  but  the  emergent  ray  zvill  be  coloured.  * 

The  ray  is  fuppofed  to  fall  perpendicularly 
upon  the  furface  of  the  prifm,  whofe  refradling 
jangle  is  the  greateft. 

The  pofition  of  the  prifrns  in  this  experiment 
is  fuch,  that  the  effedls  of  refrac'lion  upon  the  pa- 
rallelifm  of  the  homogeneal  rays  palling  through 
them  are  contrary  to  each  other,  and  confequently 
if  they  v/ere  equal  the  rays  v/ould  emerge  parallel. 
But  the  flint  prifm,  by  it’s  greater  diflipating 
power,  more  than  counterads  the  feparation  of  the 
rays  caufed  by  their  paflage  through  the  firll 
prifm,  which  was  equal  38  j-  minutes;  and  in- 
verting; the  order  of  the  colours,  caufes  the  red 

O , , 

and  violet  ravs  to  emergjc,  inclined  to  each  other 
at  an  angle  of  12  i minutes,  fufficieiitly  great  to 
produce  a fenfible  tinge  of  the  prifmatic  colours 
in  the  emergent  rays. 

Every  thing  remaining  as  in  the  laft  expert^ 
menty  let  the  vertex  of  a crozvn  glafs  prifniy  the  re- 
fracting angle  of  which  is  10",  be  applied  to  the  bafe 
of  the  flint  prifm.  If  a ray  of  folar  light  paffes 
through  the  three  prifrns , when  their  furface s'  are 
contii^iiouSy  the  emergent  ray  zvill  deviate  about 
5°  37'  ff'om  the  courfc  of  the  incident  ra\'y  but  will  be 
colourlefs. 

In  this  cafe  the  two  crown  glafs  prifrns  rc- 
fradling  the  ray  in  the  fame  direc^tion,  caufe  it  to 
deviate  from  the  courfe  of  the  incident  ray  about 
5°  37'  more  than  the  deviation  in  the  contrary  di- 
rcdionariflng  from  refradlion  through  a flint  prifm. 

But  the  flint  prifm,  by  it’s  greater  diflipating 
power,  exadly  countcrads  the  feparation  of  the 
fays  caufed  by  refradion  through  the  other  two 

prifrns, 

* Atwood’s  Analyfis  of  a Courfe  of  Leisures,  p.  164,  163. 
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prirms,  fo  that  the  homogcneal  rays  emerge  at 
length  parallel,  and  of  courfe  colouriefs. 

Now  this  was  what  was  wanted  ; for  you  have 
feen,  that  the  difli-culty  which  chiefly  impeded  the 
improvement  of  telcfcopes  was,  fo  to  refraff  a ray 
while  it  deviated  confidcrably  from  it’s  original 
courfe,  that  the  difperfion  of  the  hom.ogeneal  rays 
might  be  counteracted,  and  that  by  this  means 
they  might  all  emerge  parallel,  and  of  courfe  free 
^from  colour  ; and  this  is,  you  perceive,  effected  by 
combination  of  tranfparent  fabffances,  the  re- 
fracting and  dilfipating  powers  of  which  are  dif- 
ferent. 

In  this  experiment  the  rays  of  mean  refrangi- 
bility  emerge  at  an  angle  of  refradtion  equal  to 
'i6°  5.7'f 

If  a folar  ray  impinged  upon  the  furface  of 
the  prifm  laft  applied  at  an  angle  of  incidence 
equal  to  16°  57',  the  angle  of  diffipation  after 
emergence  into  air  w'ould  be  equal  12  i 

But  it  was  fltewn  in  the  former  experiment, 
that  the  diffipation  of  the  rays  emerging  from  the 
two  prifms  w'as  equal  12  -f,  for  which  reafon  (and 
oil  account  of  the  contrary  pofition  of  the  prifms) 
the  red  and  violet  rays  emerging.  Inclined  to  each 
other  at  an  angle  of  12-^  from  the  two  prifms,  and 
falling  upon  the  third  will  be  rcfraClcd  out  of  it 
colouriefs. 

' It  appears  then  that  two  kinds  of  glafs  are 
iieceffary  for  achromatic  tclefcopes,  one  of  which 
fhall  poffefs  as  fmall,  and  the  other  as  great  difr 
pcrfive  pow'ers,  relatively  to  their  mean  refradling 
ray,  as  can  be  procured. 

The  difference  of  glafs  in  this  rcfpedl  depends 
on  the  quality  of  the  ingredients  employed  in  their 
compofition, 

[Crown-gla/s,  which  is  compofed  offand,  mcl- 
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ted  by  means  of  the  aflics  of  fea-wecds,  barilla,  or 
"kelp,  both  which  fluxes  arc  known  to  confilt  of  ve-P 
'getable  earth,  alkali,  and  neutral  falts,  is  found  to 
.give  the  final lelt  difperlivc  power. 

; Plaie-^tafs,  which  is  compofed  of  fand  melted 
by  means  of  fixed  alkali,  with  little  or  no  vegeta- 
ble earth,  gives  a greater  difperfive  power. 

The  difperfive  power  of  flint-glafs  is  much 
greater  than  either  of  the  other,  and  this  confifts 
:Ot  fand  melted  by  a mixture  of  rninium  and  fixed 
•alkali.  It  is  probable  therefore,  that  minium  and 
other  metallic  calces  give  the  greateff  difperfive 
.'power,  and  that  alkalis  give  more  than  vegetable, 
and  probably  other  earths. 

Let  a crown-glafs  frijm,  whoje  refraf/ing  angle 
is  30®,  he  applied  contiguous  to  a prifm  of  /iint-glafs, 
whofe  refracting  angle  is  19°;  zvith  the  vertices  of 
the  prifms  in  oppofite  directions,  a folar  ray  beiivr 
refracted  through  them  will  deviate  from  the  courfe 
> of  the  incident  ray,  but  will  not  be  feparated  into  the 
coloured  rays,  •'■■■,  . • - 

Here  it  appears,  that  the  two  prifms  operate 
equally  upon  the  parallelifm  of  the  homogeneal 
rays  paffing  through  them,  and  that  as  thefe  ef- 
fedls  by  the  pofition  of  the  prifms  tend  to  corredt 
each  other,  the  homogeneal  rays,  after  beino*  re- 
fracted through  them,  emerge  parallel  and  colour- 
lefs.  • , 

Mr.  Dollond  next  confidered,  that  as  a ray 
might  be  refradfed  free  from  colour  through  a 
wedge,  it  might  alfo  through  a lens.  When  an 
image  of  an  objedt  is  formed  by  a convex  lens,  it 
appears  coloured,  owing  to  the  difperfion  of  the 
rays  by  refradfion  ; as  therefore  rays  can  be  re- 
fracted without  difperfion  by  prifms,  he  conceived 
that  It  might  alfo  be  done  by  a combination  of 
lenfes.  And  in  this  he  fucceeded,  by  confiderino- 
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that  in  order  to  make  two  fpherical  glafTcs  that 
Ihoiild  refradl  the  light  in  contrary  diredions,  as 
in  the  two  wedges,  one  mufl  be  concave  and  the 
other  convex  ; and  as  the  rays  are  to  converge  to 
a real  focus,  the  excefs  of  refraction  mufl:  be  in 
the  convex  lens,  becaufe  that  makes  rays  converge, 
and  the  concave  makes  them  diverge.  Alfo,  as 
the  convex  lens  is  to  refradt  moll,  it  mufl:  be  made 
of  crown-glafs,  as  appeared  from  the  experiments 
with  the  wedges,  and  the  concave  lens  of  white 
tiint-glafs.  Farther,  as  theangle  of  difperfion  varies 
inverfely  as  the  focal  length,  very  nearly,  from  the 
principles  of  optics,  and  the  angle  of  difperfion 
allb  varies  as  the  difperflng  powers,  therefore  if  the 
focal  lengths  be  taken  inverfely  as  the  difperflng 
powers,  found  from  the  two  wedges,  the  angles  of 
. difperfion  will  be  equal,  and  being  in  contrary  di- 
re(ftions  they  will  correfb  each  other,  and  the  dif- 
ferent refrangibility  of  light  will  be  removed. 

Upon  this  principle,  Mr.  Dollond  was  ena- 
bled to  make  a combined  lens  to  form  an  image 
free  from  colour,  and  therefore  brought  to  perfec- 
tion the  refra^ing  telefcope,  making  it  reprefent 
objedls  with  great  diflindinefs,  and  in  their  true 
colours.  Inllead  of  forming  the  objed-glafs  with 
one  convex  lens  of  crown  and  one  of  flint-glafs, 
two  convex  lenfes  of  crowTi  are  ufed,  and  the  con- 
cave one  of  flint  put  betw^een  them.  This  con- 
flruflion  of  the.  objedl-glafs  tends  alfo  to  correfl 
the  error  ariflng  from  the  fpherical  form  of  the 
lens  ; for  as  the  rays  at  the  edge  of  the  convex 
lens  tend  to  a focus  nearer  to  the  lens  than  thofe 
at  the  middle,  the  concave  lens,  which  makes  the 
rays  at  the  edge  diverge  more  than  thofe  at  the 
middle,  will  counteract  the  above  clfecl,  and  bring 
the  rays  at  all  ciiltances  from  the  center  of  the 
lens  to  a focus  more  nearly  together  ; and  by  a 

proper 


On  Telescopes. 


5-5 

proper  adjudment  of  the  foci,  the  diftiifion  of  rays 
at  the  focus  may  be  rendered  inconiiderable.  le- 
lefcopes  thus  conhru6fcd  are  called  achromatic. 

This  difeovery  of  Mr.  Dollond  was  fo  ex- 
traordinary, and  fo  contrary  to  the  befb  cllablifkied 
principles,  that  it  was  not  believed  at  firft  by  Mr. 
Euler.  At  length,  however,  Mr.  Ziciier,  of  Pe- 
terlburg,  made  experiments  limilar  to  thofe  of 
Mr.  Dollond,  and  convinced  Mr.  Euler  that  it  was 
true.  Pie  alfo  flicwcd,  that  it  is  the  lead  which  is 
iifed  in  fome  compofitions  ot  glals,  which  pro- 
duces the  extraordinary  property  of  augmenting 
the  difperfion  of  the  extreme  rays,  without  fcnfibly 
changing  the  refradtion  of  the  mean. 

Mr.  Euler,  in  a paper  read  at  the  academy  of 
fcienccs  at  Berlin  in  1764,  was  candid  enough  to 
own  he  did  not  at  hrft  credit  the  account,  and 
thereby  gave  to  Mr.  Dollond  the  credit  of  the 
difeovery.  Notwithitanding  this,  Mr.  Delaland 
in  his  agronomy,  and  Mr.  Fiefs  in  his  eulogy  on 
?4r.  Euler,  both  aferibe  the  invention  to  Mr. 
Piuler.  Mr.  P.  Dollond  has  however  fully  proved, 
that  the  difeovery  mult  be  attributed  to  Mr.  John 

Dollond."^  . . 

In  the  fame  pamphlet  Mr.  Dollond  has  fnewn 
the  rcafons  which  prevented  Newton  from  drawing 
the  fame  conclulions  ; that  it  arofe  from  the  kind 
ofglafs  he  madeufe  of,  fo  that  his  veracity  remains 
Linirnpcached,  and  the  experiments,  when  made 
with  the  fame  kind  of  glafs,  ckadtly  correfpond 
with  thofe  of  Sir  1.  Newton.  In  his  time  the 
Icnglifi  were  not  fimous  for  making  telefcopcs, 
many  were  imported  from  Venice.  The  glals 
imported  from  this  place  was  nearly  of  the  fame 
refractive  quality  as  our  crown-glals,  but  of  a bet- 
ter 

• 

* “ Some  account  of  the  ciiTcovery  by  the  late  Mr.  John 
Dollond,  which  led  to  the  great  improvement  of  refra6iing  tele, 
fcopes,”  by  Mr,  P.  DoUond, 
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Cer  colour.  It  is  probable  that  Newton’s  prifms 
were  made  of  that  glafs,  becaufe  he  mentions  the 
ipecific  gravity  of  common  glafs  to  be  to  water  as 
2,58  to  f,  which  anfwers  nearly  to  that  of  crown- 
glafs.  , Mr.  Dollond  made  a prifm  of  a piece  of 
this  glafs,  and  trying  the  experiment  with  it,  found 
it  anfwered  very  nearly  to  what  Newton  relates  ; 
the  difference  being  only  fuch  as  may  be  fuppofed 
to  arife  from  the  fame  kind  of  glafs  made  at  dif- 
ferent times. 

Of  Reflecting  Telescopes. 

/ 

Sir  John  Pringle,  in  his  difeourfe  to  the  Royal' 
Society  on  the  reMedling  telefcope,  attributes  the 
firf:  thought  thereof  to  Merfennus,  who  propofed 
to  Defcartes  a telefcope  with  /peculay  many  years' 
before  Gregory’s  invention ; though  indeed  in  a 
manner  fo  very  unfatisfadlory,  that  Defcartes,  who 
had  given  particular  attention  to  the  improvement 
of  the  telefcope,  was  fo  far  from  approving  the 
propofal,  that  he  endeavoured  to  convince  Mer- 
fennus of  the  fallacy. 

Gregory  was  led  to  the  invention  byfeeking  to 
correct  two  irnperfedtions  of  the  common  tele- 
fcope; the  lirif  was,  it’s  too  great  length,  which' 
made  it  lefs  manageable;  the  fecond  thfe  incorrecl- 
nefs  of  the  image.  It  had  been  demonftrated  that 
a pencil  of  rays  could  not  be  collected  in  a finglc 
point  by  a fpherical  lens,  and  alfo  that  the  image 
tranfmitted  bv  fuch  a lens  would  be  in  fomc  de- 
gree  incurvated. 

d'hefe  inconveniences  he  believed  w'ould  be 
obviated  by  fubllituting  for  the  objedl-glafs  a me- 
tallic fpeculum  of  a parabolic  figure,  to  receive 
the  image',  and  to  refledt  it  towards  a hnall  fpecu- 
lum of  the  fame  metal  ; this  again  was  to  return 
the  image  to  an  eye -glafs  placed  behind  the  great 

fpeculum. 
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fpecLiIum,  which,  for  that  purpofc,  was  to  be  per- 
forated in  it’s  center. 

But  as  Gregory  was  endowed  with  no  mecha- 
nical dexterity,  nor  could  find  any  workman  capa- 
ble of  realizing  his  invention,  after  fomc  fruitlefs 
attempts  he  gave  up  the  purfuit.  And,  probably 
had  not  fomc  new  ciifcovcrics  been  made  in  light 
and  colours,  a refledling  telefcope  would  never 
more  have  been  thought  of,  confidering  the  diffi- 
culty of  the  execution,  and  the  fmall  advantages 
that  could  accrue  from  it,  deducible  from  the  prin- 
ciples of  optics  that  w ere  then  known. 

But  Newto}7^  whofe  happy  genius  for  experi- 
mental know  ledge  w’as  equal  to  that  for  geometry, 
and  who  to  thefe  talents,  in  a fupremc  degree, 
joined  patience  and  mechanical  abilities,  happily 
interpofed  andfaved  this  noble  invention  from  well 
nigh  perifhing  in  it’s  infant  ffiite. 

While  he  was  employed  in  endeavouring  to 
grind  lenfes  of  the  figure  of  one  of  the  conic  fec- 
tions,  he  happened  to  examine  the  colours  formed 
by  aprifm,  and  having  by  means  of  that  fimple  in- 
ilrumcnt  made  the  ever  memorable  difeoveryof  the 
different  refrangihiliiy  of  the  rays  of  light,  he  then 
perceived  that  the  errors  of  telefcopes  arifingfrom 
that  circumRance  alcn.c,  W'ere  fome  hundred  times 
greater  than  fuch  as  were  occafioned  by  the  fphe- 
rical  figure  of  Icnfes.  I'his  forced  Newton  as  it 
were  to  fall  into  Gregory’s  track,  and  to  turn  his 
thought  to  rcfkblors.  If  Nezvton  was  not  the  fnfl 
inventor  of  the  rciicdling  telefcope,  he  was  the 
main  and  effedtual  inventor. 

It  was  towards  the  end  of  i668,  or  the  begin- 
ning of  the  following  year,  that  Newton  being 'thus 
obliged  to  have  rccourfe  to  refledors,  and  not  rely- 
ing on  any  artificer  for  making  his  fpecuia,  let 
about  the  work  himfelf,  and  early  in  the  year  1673 
completed  two  fmall  reiieding  telefcopes  i one  of 

thefe 
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thefe  he  prefented  to  the  Royal  Society,  communi-. 
eating  at  the  fame  time  a full  and  fatisfadlory  ac- 
count of  it’s  conlfrucdion  and  performance,  and 
received  from  them  fuch  thanks  as  were  due  for  fo 
curious  and  valuable  a prefent. 

But  how  excellent  foever  the  contrivance  wasy 
how  w ell  foever  fupported  and.  announced  to  the 
public,  yet,  whether  it  was  that  the  artifis  were 
deterred  by  the  difficulty  and  labour  of  the  work, 
or  that  the  difeoveries  even  of  a Newton  were  not 
to  be  exempted  from  the  general  fatality  attending 
great  and  ufelul  inventions,  the  making  a flow  and 
ojexalious  progrefs  to  the  authors  ; the  fadl  is,  that 
excepting  an  unfuccefsful  attempt  which  the  Royal 
Society  made  by  employing  an  artificer  to  imitate 
the  Newtonian  conltrublion,  and  a difguifed  Gre- 
gorian telefcope,  fet  up  by  Caffegrain  abroad,  as  a 
rival  to  Nezvton's,  and  that  in  theory  only  (for  it 
was  never  put  in  execution  by  the  author)  no 
reflector  was  heard' of  for  near  half  a century  after. 
But  when  that  period  was  clapfed,  a reflecting  tele- 
fcope was  produced  to  the  w'orld  of  the  Newto- 
nian conftruCtion,  which  the  venerable  author,  ere 
yet  he  had  finiflicd  his  much  diftinguifned  courfe, 
had  the  fitisfaCtion  to  find  executed  in  fuch  a man- 
ner, as  to  leave  no  room  to  fear  that  the  invention 
would  lonf.’-er  continue  in  obfeurity. 

This  memorable  event  was  owing  to  the  dex- 
terity, the  genius,  and  application  of  Mr.  Hadley, 
the  inventor  of  the  reflecting  quadrant,  another 
mofl:  valuable  inflrument.  The  two  telefcopes 
which  Newton  had  niade,  were  but  6 inches  long,, 
and  in  power  were  compared  to  a 6 feet  refraCtor. 
Hadley’s  telefcope  was  above  6 feet  long,  and 
equalled  in  performance  the  famous  aerial  tele- 
fcope of  Huygens,  of. 123  feet  in  length."^ 


* Sir  John  Pringle’s  DifeourfeS;  p.  £06;  S:c, 
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It  maybe  worth  obferving,  that  Sir  I.  Newton 
lent  his  telefcope  to  the  Royal  Society  while  his 
blecHon  into  the  fociety  was  depending,  and  he 
concludes  with  faying,  “ that  if  he  Ihould  be  elected, 
he  would  endeavour  to  teftify  his  gratitude  by  com- 
municating what  his  poor  and  folitary  endeavours 
could  effed,  toward  promoting  their  philofophical 
deligm”  Such  was  the  modelty  of  the  man,  who 
was  the  glory  of  the  fociety,  of  the  nation^  of  the 
world. 

Of  THE  Gregorian  Reflecting  Telescope. 

The  Gregorian  reflecftor  confR's  of  two  con- 
cave mirrors,  and  two  plano-convex  lenfes  for  the 
eye-glalTes. 

T T T ^yfig.  2,  pi.  8,  is  a cylindrical  tube  ; at 
the  bottom  of  this  a concave  metallic  reflector 
or  mirror  DUVF  is  placed;  this  reflector  has  a 
hole  in  the  niiddlc. 

Towards  the  other  end  a fniall  coiicavc  mir- 
for  L is  placed ; this  is  fiipportcd  on  an  arm  M, 
which  niay  be  moved  nearer  to,  ot  farther  from  the 
great  fpeculum,  at  pleafure. 

Thefc  two  itiirrors  afe  placed  parallel  to  each 
other;  the  fmall  one  is  generally  fomewhat  larger 
than  the  hole  in  the  great  mirror. 

At  the  bottotn  of  the  cylindrical  tube,  and  juft 
oppofite  to  the  perforation  in  the  large  mirror,  is 
a fmall  brafs  tube  containing  the  two  eye- 

glaffes  ; at  the  further  end  of  this  tube  is  a very 
fmall  hole,  to  which  the  eye  is  to  be  applied. 

The  conftrudtion  being  undetflood,  we  may 
proceed  to  explain  the  optical  effect  of  this  inflru- 
ment. 

I.  The  open  end  of  the  cylindrical  tube  being 
fet  directly  towards  the  object,  which  being  fup- 

VoL,  IR  ^ M m pofed 
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pofed  to  be  diftant,  the  rays  proceeding  therefrom 
may  be  confidered  as  parallel  to  each  other;  and 
being  refleded  back  by  the  large  concave  fpecu- 
lum,  they  will  form  an  image  of  the  objed  at  it’s 
focus,  which,  from  the  figure,  is  evident  will  be 
inverted. 

Let  C reprefent  all  the  rays  proceeding  from 
the  point  B of  the  objed,  and  E the  pencil  of  rays 
proceeding  from  the  point  A. 

The  rays  C falling  parallel  upon  the  great 
mirror,  will  be  thence  refieded,  and  converge  in 
the  diredion  D G ; and  by  crofling  at  I,  the  prin- 
cipal focus  of  the  mirror,  they  will  form  the  up- 
per extremity  of  the  inverted  image  I K,  fimilar  to 
the  lower  extremity  B of  the  objed  A B. 

In  like  manner,  the  rays  E,  which  come  from 
the  top  of  the  objed,  and  fall  upon  the  great 
mirror  at  F,  are  thence  refieded  converging  to 
it’s  focus,  where  they  form  the  lower  extremity  K 
of  the  inverted  image  I K,  fimilar  to  the  upper  ex- 
tremity A of  the  objed  A B, 

The  rays  from  thefe  two  pencils  pafs  on 
from  I and  K to  the  fmall  mirror  L,  the  rays 
from  F falling  upon  it  at  h ; thofe  from  D fal- 
ling upon  it  at  g,  from  which  points  they  are  again 
refleded, 

2.  The  focus  of  the  fmall  fpeculum  is  at  n,  a 
little  beyond  the  place  where  the  image  is  formed 
by  the  great  fpeculum. 

If  the  focus  of  this  mirror  fell  precifely  on  m, 
where  the  image  from  the  other  is  formed,  the  rays 
would  be  refieded  parallel  therefrom  ; but  as  it  is 
fomewhat  beyond  or  longer  than  that  diftance, 
they  are  refieded  converging  in  the  diredion  gN. 

3.  The  converging  pencil  of  rays  g N,  pro- 
ceeding from  the  point  a,  and  refleded  by  the 
fmall  mirror,  would  coincide  beyond  tlfe  te- 
Icfcope  if  they  were  not  refraded  by  the  eye- 
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glalles.  It  IS  the  fame  with  the  other  converging 
pencil. 

But  to  render  the  inftrumcnt  fhorter,  thcfe 
converging  rays  are  made  to  fall  on  the  lens  R in 
the  eye-tubej  w hich  irfcreafes  their  convergence, 
and  makes  them  coincide  at  a and  b,  where  they 
form  an  ere^t  image  of  the  object  at  a b.  This  image 
being  at  the  focus  of  the  lens  S;the  rays  proceeding 
from  the  image  formed  there,  are  fo  refradted  by  it 
as  to  emerge  parallel  to  the  eye,  and  thus  produce 
diftindt  vilion. 

The  light  which  falls  upon  the  furfacC  of  the 
large-mirror  is  refiecSted  to  the  fmall  mirror  • the 
eye  therefore  receives  from  thetclefcope  a quantity 
of  light,  which  is  to  that  which  it  would  re:eive 
by  naked  • vifion,  nearly  in  the  fame  proportion 
that  the  furface  of  the  large  mirror  is  to  the  fur- 
face  of  the  fmall  hole  at  e,  near  the  pupil  of  the  eye. 

The  rays  pafung  on  from  the  irnige,  pafs 
through  the  fecond  eye-glafs  S,  v,nd  through  a 
fmall  hole  e enter  the  eye  f,  which  fees  the 
image  ab,  and  by  means  of  the  eye-glafs  under  the 
large  angle  ced,  the  fecond  glafs  ihcreafes  the 
field,  and  renders  the  image  more  perfedl. 

In  order  to  fuit  di derent  eyes  and  diflances, 
there  is  a fmall  rod  with  a ferew  at  one  end ; this 
ferew  goes  through  the  arm  which  is  fixed  to  the 
fmall  reheclor,  fo  that  by  turning  the  end  it  brings 
it  nearer,  or  removes  it  further  from  the  larger 
fpeculum. 

An  eye-flop  is  placed  at  the  lad  image;  to  cut 
off  l/he  fuperfiuous  rays  ; a very  fmall  hole  is  made 
at  e,  to  let  the  rays  pafs  to  the  eye. 

To  fee  near  ohje^s,  or  to  accommodale  the  telem 
/cope  for  long-fighied  people,  the  fmall  mirror  muff 
be  moved  further  from  the  large  mirror  than  when 
nfed  for  diftant  objedls  or  a common  fight ; for  if 

M rn  i'  an 
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an  object  comes  nearer,  i *s  image  at  m will  com^ 
nearer  n,  and  as  nm  grows  lefs,  nP  will  grow 
greater,  and  will  come  nearer  the  lens  R;  to  reduce 
or  bring  it  back,  the  mirror  mufl  be  removed 
further. 

for  Jhort-Jlghied  people y the  focus  P muft  be 
brought  nearer  R,  to  make  the  rays  more  diver- 
gent; that  is,  nP  mufl:  be  longer,  and  confequcntly 
n m fhorter,  or  h g brought  nearer  to  D U,  V F. 

Therefore  for  diftant  objedls,  and  fliort- 
fighted  people,  turn  the  ferew  to  the  right ; but 
for  near  objects  and  old  eyes,  turn  to  the  left. 

This  telefcope,  as  you  have  feen,  fliews  the  ob- 
jedl  credb,  but  not  fo  bright  as  in  refraifling  tele- 
fcopes,  becaufc  glafs  tranfmits  more  light  than 
metal  refledbs.  It  has  been  eftimated,  that  one 
third  of  the  light  received  is  loft  by  refledion. 

The  vifible  area  of  an  objed:  is  as  the 
breadth  of  the  eye-glafs ; for  if  the  image  at 
' J K,  and  the  eye-glafs  be  increafed,  the  image 
at  m will  alfo  be  increafed,  becaufe  the  angles 
of  incidence  and  refledtion  at  h g are  equal,  and 
confequently  the  vifible  part  of  the  objed;  is  in- 
creafed. 

The  brightnefs  of  the  objed  is  in  pro- 
portion to  the  aperture,  for  the  larger  this  is, 
the  greater  is  the  quantity  of  light  that  comes  to 
the  eye. 

The  extreme  parts  of  the  image  are  lefs 
bright  than  the  rdf,  becaufe  the  fliadow  of  the 
fmall  fpecLilum  falls  on  the  outfide,  but  towards 
the  middle  it  only  covers  the  hole. 

To  render  the  determination  of  the  magnify- 
ing power  more  eafy,  1 fltall  conlider  the  tube  to 
be  twelve  inches  long^,  two  inches  diameter ; the 
concave  fpeculum,  at  the  bottom  of  the  tube,  to  be 
of  feven  inches  focus,  and  two  inches  diameter  ; 

' the 
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the  hole  in  the  center  A of  an  inch  in  diameter  ; 
the  focus  of  the  fmall  mirror  tJ,  it’s  diameter  A of 
an  inch;  the  firft  eye-glafs  about  three  inches  focus, 
the  fccond  about  t|.  We  mu  ft  now  refer  back  to 
our  former  inflrudtions  on  the  principles  of  rays  of 
light,  when  refied:ed  from  a fpherical  concave 
mirror. 

You  will  recolledl,  ifl.  That  the  light,  which 
comes  from  a very  diftant  objecl:,  is  fo  refledled 
that  the  point  where  they  meet,  and  where  the 
image  is  formed,  is  i part  of  the  diameter  of  the 
fphere,  of  which  the  great  fpeculum  is  a fegment.' 
2d,  That  if  the  objed  is  at  the  focus  of  a concave 
fpherical  mirror,  the  rays  falling  therefrom  are 
refleded  parallel  to  each  other. 

Now  diftant  objeds  feen  through  the  refled- 
ing  telefcope,  form  an  inverted  image  at  I K,  the 
focal  point  of  the  large  fpeculum,  and  nine  inches 
therefrom,  and  the  image  and  objed  both  appear 
under  the  fame  angle  from  the  vertex  of  the  mir- 
ror ; this  image  at  the  focus  I K being  the  bafe  of 
two  angles,  whofe  fummits  are  the  centers  of  the 
two  fpherical  mirrors.  Now  the  diftance  of  the 
focus  of  the  two  mirrors  is  as  to  9,  or  as  3 to  18, 
by  taking  away  the  fraction  ; or  as  i to  6,  by  divid- 
ing the  terms  by  3 : therefore  the  two  angles  are 
in  the  proportion  of  i to  6,  that  is,  the  angle  fub- 
tended  by  the  fpherical  furface,  of  which  A B is  a 
portion,  is  ftx  times  larger  than  what  the  objed 
fubtends  at  the  furface  of  the  larger  mirror  ; con- 
fequently  if  the  eye  v/as  placed  in  the  parallel 
rays  proceeding  from  the  fmall  fpeculum,  it  would 
fee  the  objed  perfedly  therein,  and  magnified  in 
the  proportion  of  the  focal  diftances  of  the  two 
metals,  that  is,  as  6 to  i. 

Now  the  two  Icnfes  in  the  eye-tube  form  a 
telefcope,  whofe  property,  on  the  principles  al- 
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ready  laid  down,  is  to  magnify  the  objedt  in  the 
proportion  that  the  locus  of  the  lens  S exceeds 
that  of  1\,  in  this  inllance,  as  36  to  10 ; but  the 
telefcope  was  befop  fhewn  to  magnify  in' the  pro- 
portion of  6 to  I.  By  combining  thefe  propor-* 
tions,  we  iliall  obtain  10  X and  36  X h,  or  10 
to  216,  or  pearly  as'i  to  22. 


Of  TpE  Newtonian  Telescope. 

The  telefcope  of  Nezvton  differs  a little  in  the 
conftrudlion  from  that  of  Gregory ^ but  it  is  founded  . 
upon  the  fame  principles,  as  well  geometrical  as 
phyficab 

It  conlifts,  like  the  former,  pf  a tube  to  re- 
ceive the  metals ; the  upper  end  of  the  tube  is  open ; 
at  the  bottom  of  this  is  placed  a concave  metal.re-- 
fe^ory  and  a plain  /mail  metal  refle£l,ory  inclined  45 
degrees  to  the  axis  of  the  large  refledlor.  This  fmall 
refleebor  mull  be  of  an  oval  form ; the  length  of 
the  oval  ffould  be  to  the  breadth  as  2 to  i,  on  ac- 
count  of  the  obliquity  of  it’s  pofition;  it  is  fup- 
ported  on  an  arm  fixed  to  the  fide  of  the  tube  ; an 
eye-glafs  is  placed  in  a fmall  tube,  moveable  in 
tlie  larger  tube,  fo  as  to  be  p)erpendicular  to  the 
axis  of  tl.e  large  reliedtor,  the  perpendicular  line 
through  the  center  of  the  fmall  mirror. 
The  fmall  mirror  is  to  be  fituated  between  the 
larre  minor  and  it’s  focus,  that  it’s  diltance  from 
this  fojcal  point  may  be  equal  to  the  diftance  from 
the  center  of  the  mirror  to  the  focus  of ‘the  eye- 
glafs. 

The  tube  v x % y,  3,  pi,  8,  being  turned  with 
it’s  open  end  towards  the  objedl,  parallel  rays  com- 
ing therefrom  will  be  rehedted  by  the  concave  mir- 
ror to  it’s  focus,  where  it  would  form  an  inverted 
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image  of  the  objea,  but  from  the  intcrpofition  of 
the  fmall  refleBor  feg,  they  are  prevented  coming 
to  the  focus,  and  are  reflc(5led  to  t,  the  focus  oi 
the  eye-glafs,  where  they  form  an  image  equal  to 
what  would  have  been  formed  at  the  focus  of  the 
concave  mirror.  This  image  being  in  the  focus 
of  the  eye-glafs,  the  rays  proceeding  therefrom 
will  be  fo  refraded  by  the  lens,  as  to  emerge  pa^ 
rallel  to  the  eye,  and  therefore  properly  conftituted 

to  produce  diftind  vifion. 

If  the  face  be  turned  towards  the  open  end  of 
the  tube,  and  the  eye  be  applied  at  h,  the  objed 
w ill  appear  inverted ; but  if  the  face  be  turned 
towards  c d,  the  objed  will  be  ered  i the  latter 
pofition  is  in  mofl;  cafes  very  inconvenient. 

The  magnifying  power  is  in  the  fame  propor- 
tion as  the  focal  diftance  of  the  concave  fpeculum 
exceeds  that  of  the  eye-glafs.  This  telefcope  will 
bear  a greater  aperture  than  the  Gregorian  rc- 
fledor  ; lefs  light  is  alfo  loR  from  the  oval  plane, 
than  from  a fpherical  refiedor.  It  is  by  means  of 
a Newtonian  telefcope  that  Dr.  Herfchel  has  added 
fo  many  valuable  difeoveries  to  aflronomy. 

There  is  another  kind  of  refleding  telefcope, 
known  by  the  name  of  CalTegrain  ; but  as  it  is  not 
ufed  at  prefent,  it  will  be  needlefs  for  me  to  deferibe 
it  here  ; I fliall  therefore  only  obferve,  that  it  is  fi- 
milar  to  the  Gregorian  telefcope,  except  in  one  in- 
flance,  namely,  that  the  fmall  fpeculum  is  convex 
inftead  of  concave. 

The  difadvantages  under  which  refleding  tc- 
lefcopes  labour,  arife  from  their  requiring^  larger 
apertures  to  tranfmit  the  fame  quantity  ot  light ; 
from  being  more  affeded  by  the  impertedions  ot 
the  atmofphere  than  a refrading  telefcope ; from  be- 
ing liable  to  tarnifli ; but  principally  from  the  im- 
perfedions  of  the  workmanlhip  ot  the  objed-fpe- 
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culum,  which  injures  them  more  than  equal  faults 
in  the  object-glafs  of  refra’dors. 

In  the  hands  of  a man  whofe  mind  is  well  di- 
reded,  every  part  of  fcience  is  made  ufeful ; among 
many  inftances  of  this,  I fhall  give  you  one  from 
the’  learned  Mr.  Jacob  Bryant’s  treatife  on  the 
Authenticity  of  the  Scriptures,  in' which,  from  the 
telefcopes  we  have  been  confidering,  he  fhews  the 
weaknefs  of  fome  infidel  objedions  to  revelation. 
Thus  he  fhew^s,  that  there  is  no  more  reafon  to  ob-, 
jed  to  the  authenticity  of  the  fcriptures  on  ac- 
count of  fome  difficulties,  than  to  natural  religion 
or  natural  philofophy  on  the  fame  account ; for 
they  are  equally  attended  with  difficulties.  Nar 
tural  philofophy  abounds  with  phenomena  which 
we  fee  and  know,  but  cannot  explain,  as  gravity^ 
magnetifm,  &c. 

If  any  perfon  had  prophetically  informed  //r- 
chimedes  or  Eudoxus^  that  vifion  would  one  day  be 
wonderfully  affifted  by  art,  and  that  the  manner  of 
improving. fight  would  be  to  place  a opakejuh- 
fiance  diredly  between  the  objed  and  the  eye,  they 
muff  have  thought  the  prophet  out  of  his  fenfes. 
And  when  they  heard  that  the  other  method  was, 
in  view'ing  an  objed,  not  to  look  at  //,  but  to  keep 
the  eye  in  a quite  different  diredion,  how  could 
they  digeft  thefe  dodrines,  by  which  they  were 
taught,  that  fight  would  be  helped  by  impedi- 
ments, and  that  the  beft  w ay  of  feeing  objeds  was 
looking  another  way  ? 

Yet  whoever  is  acquainted  with  the  Gregorian 
ielefcope,  muff  know,  that  fuch  a dark  body  does 
intervene  ‘ between  the  eye  and  the  objed;  and 
that  in  the  Newtonian  telefcope  the  fight  is  direded 
fideways,  at  an  angle  of  90  degrees.  When  once 
known,  the  thing  is  found  to  be  confonant  to  rea- 
fen  and  experience. 


If 


On  Telescopes. 


537 


If  then  we  meet  with  many  things  in  common 
Jife  and  worldly  fcience,  which  feem  difficult  to 
comprehend,  and  fome  beyond  our  reafon,  we  muft 
exped;  to  find  others  beyond  our  reafon  in  that 
grand  fyftem  of  life  ahd  immortality  laid  before  u^ 
in  holy  writ. 


LECTURE 
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LECTURE  XXIII. 


Of  MicroscopesI 


* "P  Y a microfcope  we  underfland  a/^  injirumeni 
-U  for  viewing /mail  ohjetis,  rendering  thofe  vi- 
fible  which  would  be  otherwife  imperceptible. 
Microfcopcs  are  divided  into  three  different  kinds, 
finglcy  compoundy  and  Jolar  ; fingle  microfcopcs  are 
thofe  which  confilt  of  one  lens ; compoundy  iho^e. 
which  are  formed  of  two  or  more  lenfesj  JolaVy 
thofe  which  are  ufed  in  a dark  room,  the  objedt 
^bei ng  illuminated  by  the  fun,  and  the  image  re- 
ceived on  a fcreen. 

It  is  generally  fuppofed,  that  microfcopes  were 
invented  about  the  year  1680,  a period  fruitful  in 
difcoveries,  when  the  mind  began  to  emancipate 
itfelf  from  thofe  errors  and  prejudices  by  which  it 
had  been  too  long  enflaved,  to  alfert  it’s  rights, 
extend  it’s  powers,  and  follow  the  paths  which 
lead  to  truth.  The  honour  of  the  invention  is 
claimed  by  the  Italians  and  the  Dutch ; the  name 
of  the  inventor,  however,  is  loft ; probably  the 
difeovery  did  not  at  firft  appear  fufticiently  im- 
portant, to  engage  the  attention  of  thofe  men,  who, 
by  their  reputation  in  fciencc,  were  able  to  efta- 
blifh  an  opinion  of  it’s  merit  with  the  reft  of  the 
world,  and  hand  dow'n  the  name  of  the  inventor  to 

fucceeding 

■ * See  my  bfTrjys  on  tbe  Microfcope,  of  which  I mean  ta 
. publifh  a new  edition  the  lame  li/e  with  tins  work,  to  which  it 
will  be  a proper  fuy)plerneni,  manifelting  the  wifdo.m  of  (jodit.' 
the  minute  parrs  of  cx  eatioin 
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fucceeding  ages.  Men  of  great  literary  abilities 
are  apt  to  defpife  the  firft  dawnings  ot  invention, 
not  confidering  that  all  real  knowledge  is  pro-r 
greffive,  and  that  what  they  deem  trifling  may- 
be the  firft  and  neceftary  link  to  a new  branch  of 
fcience. 

The  microfeope  extends  the  boundaries  of 
the  organs  of  vifion;  enables  us  to  examine  the 
ftrudlure  of  plants  and  animals ; prefents  to  the 
eye  myriads  of  beings,  of  whole  exiftence  we  had 
before  formed  no  idea ; opens  to  the  curious  an 
cxhauftlefs  fource  of  information  and  pleafure ; 
and  furnilhes  the  philofopher  with  an  unlimited 
field  of  inveftigation.  It  leads,  to  ufe  the  words 
of  an  ingenious  writer,  to  the  difeovery  of  a thou- 
fand  wonders  in  the  works  of  his  hand,  who  created 
ourfelves,  as  well  as  the  objedls  of  our  admiration; 
^t  improves  the  faculties,  exalts  the  comprenen- 
fion,  and  multiplies  the  inlets  to  happinels ; is  a 
new  fource  of  praife  to  him,  to  w'hom  all  w^e  pay 
is  nothing  of  what  we  owe ; and  while  it  pleafes 
the  imagination  w ith  the  unbounded  treafures  it 
offers  to  the  view,  it  tends  to  make  the  whole  life 
one  continued  adt  of  admiration.  For  there  is  no 
objedl  fo  inconfiderable,  that  it  has  not  fomething 
to  invite  the  curious  eye  to  examine  it  ; nor  is 
there  any,  w^hich,  when  properly  examined,  will 
not  amply  repay  the  trouble  of  inveftigation. 

It  is  not  difficult  to  fix  the  period  when  the 
microfeope  firft  began  to  be  generally  known,  and 
was  ufed  for  the  purpofe  of  examining  minute  ob- 
jedfs ; for  though  we  are  ignorant  of  the  name  of 
the  firft  inventor,  we  are  acquainted  with  the  names 
of  thofe  w ho  firft  engaged  the  public  attention,  by 
exhibiting  fome  of  it’s  w^ondertul  effedls.  Zacha- 
rias  Janfens  and  his  fon  had  made  microfeopes  be- 
fore the  year  1619,  for  in  that  year  the  ingenious 
Cornelius  Drcbeli  brought  one,  which  w'as  made 
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by  them,  with  him  into  England,  and  Ihewed  it  to 
William  Borrell  and  others.  It  is  pofTible  this  in- 
Urutnent  of  Drebell’s  was  not  flribUy  what  is  now 
meaht  by  a microfcope,  but  was  rather  a kind  of 
microfcopic  telcfcope,  fomething  fimilar  in  prin- 
ciple to  that  lately  defcribed  by  Mr.  Acpinus,  in  a 
letter  to  the  Academy  of  Sciences  at  Peterfburg. 
It  was  formed  of  a copper  tube  fix  feet  long  and 
one  inch  diameter,  fupported  by  three  brafs  pillars 
in  the  fhape  of  dolphins  ; thefe  were  fixed  to  a bafe 
of  ebony,  on  which  the  objedls  to  be  viewed  by  the 
microfcope  were  alfo  placed.  In  contradidlion  to 
this,  Fontana,  in  a work  >vhich  he  publifhed  in 
1646,  fays,  that  he  had  made  microfcopes  in  the 
year  1.618:  this  may  be  alfo  very  true,  without 
derogating  from  the  merit  of  the  Janfens,  for  we 
have  many  inftances  in  our  own  times  of  more  than 
one  perfon  having  executed  the  fame  contrivance, 
nearly  at  the  fame  time,  without  any  communica- 
tion from  one  to  the  other.  In  1685,  Stelluti 
publiflied  a defeription  of  the  parts  of  a bee, 
which  he  had  examined  with  a piicrofcope. 

If  we  confjder  the  microicope  as  an  infiru- 
ment  confifting  of  one  lens  only,  it  is  not  at  all 
improbable,  that  it  was  known  to  the  ancients 
much  fooner  than  the  laft  century,  nay,  even  in  a 
degree  to  the  Greeks  and  Romans  ; for  it  is  cer- 
tain, that  fpedlacles  were  in  ufe  long  before  the 
above-mentioned  period.  ,Now  as  the  glaffes  of 
thefe  were  made  of  different  convexities,  and  con- 
fequently  of  different  magnifying  pow'ers,  it  is  na- 
tural to  fuppofe,  that  fmaller  and  more  convex 
lenfes  were  made,  and  applied  to  the  examination 
of  minute  objeeffs.  In  this  fenfc,  there  is  alfo  fome 
ground  for  thinking  the  ancients  were  not  ignorant 
of  the  Life  of  lenfes,  or  at  leaft  of  what  approached 
nearly  to,  and  might  in  fome  inffances  be  fubffi- 
tuted  for  them.  ' ' 
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Of  the  Optical  Effect  of  Microscopes. 

It  has  been  already  obferved,  that  the  humaa 
eye  is  fo  conftituted,  that  we  cannot  fee  an  objed: 
diftinclly  when  it  is  nearer  the  eye  than  fix  inches. 
To  enable  ns  to  fee  objeds  nearer  is  the  dehgn  of 
microfeopes,  for  by  this  means  we  are  enabled  to 
difeern  thofe  obyeds  which,  from  their  minutenefs, 
become  imperceptible  at  a fmall  diftance.  Hence 
a microfeope  is  faid  to  magnify  the  objeds  fecn 
through  it ; but  this  expreflion  is  only  true  with 
refped  to  the  apparent  magnitude  of  the  objed. 

To  have  right  ideas  on  this  fubjedt,  you  mud 
diltinguifh  the  apparent  from  the  real  magnitude 
of  objeds  ; the  real  magnitude  of  an  objed  is  the 
objed  of  geometry,  and  remains  invariable  as  long 
as  the  objed  continues  in  the  fame  date  ; the  ap- 
parent magnitude  may  be  infinitely  varied,  while 
the  real  fize  remains  unaltered.  Thus  the  dars  in 
the  heavens  appear  to  us  exceeding  fmall,  although 
their  real  dze  is  prodigious  ; this  did'erence  is 
occadoned  by  their  immenfe  didance.  If  we 
could  approach  them,  we  diould  find  them  increafe 
in  dze  as  the  didance  diminilhes  ; the  apparent 
magnitude  depending  in  a great  degree  on  the  angle 
under  which  it  is  feen,  and  this  angle  increafes  or 
diminilhes,  according  as  the  objedl  is  nearer  to  or 
further  from  the  eye. 

Thus  let  ^0  (^yfig.j\.ypL  8,  be  the  objed:  of  our 
fight;  this,  if  the  eye  beat  A,  will  appear  under  the 
angle  P A Q,  called  the  vifual  angle,  and  which  de- 
termines in  a great  meafure  the  apparent  dze  of 
an  objed:.  It  is  plain  from  hence,  that  the  further 
the  eye  is  from  the  objed,  the  fmaller  is  this  angle; 
and  that  thus  the  larged  bodies  may  be  feen  under 
an  exceeding  fmall  angle,  if  they  are  at  a fufheient 
didance. 


If 
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If  the  eye  be  at  B,  the  objecfl  will  be  feeri 
under  the  angle  O B Q,  which  is  vifibly  larger  than 
the  angle  P A Q.  Let  the  eye  be  at  c,  the  angle 
P C Q is  larger  than  P B Q ; and  fo  on,  the  nearer 
the  eye  is  to  the  objed:,  the  larger  is  the  vifual 
angle. 

From  hence  it  follows,  that  the  apparent  dia- 
meter of  an  objedt  feen  by  the  naked  eye,  may  be 
magnified  in  any  proportion  we  pleafe  ; for  as  the 
apparent  diameter  is  increafed  in  proportion  as  the 
diftance  from  the  eye  is  leffened,  we  have  only  to' 
leffen  the  diflance  of  the  objedl  from  the  eye,  in 
order  to  increafe  the  apparent  diameter  thereof.* 
Thus,  fiippofe  there  is  an  objedl,  A B,  pL  8,  fig,  5, 
which  to  an  eye  at  E fubtends  or  appears  under  the 
angle  A EB,  we  may  magnify  the  apparent  dia- 
meter in  what  proportion  we  pleafe,  by  bringing 
our  eye  nearer  to  it.  If,  for  inftance,  we  would 
magnify  it  in  the  proportion  of  F G to  A B ; that 
is,  if  we  w'ould  fee  the  objecft  under  an  angle  as 
large  as  F E G,  or  would  make  it  appear  the  fame 
length  that  an  objedl;  as  long  as  F G would  appear, 
it  may  be  done  by  coming  nearer  to  the  object. 
For  the  apparent  diameter  is  as  the  diftance 
inverfely  ; therefore,  if  C D is  as  much  Icfs  than 
C E,  as  F G is  greater  than  A B,  by  bringing  the 
eye  nearer  to  the  objed  in  the  proportion  of  C D 
to  E D,  the  apparent  diameter  will  be  magnified 
in  the  proportion  of  F G to  A B ; fo  that  the  ob- 
je(ft  A B,  to  the  eye  at  D,  will  appear  as  long  as  an 
objedt  F G would  appear  to  the  eye  at  E.  In  the 
fame  manner,  we  might  flicw,  that  the  apparent 
diameter  of  an  object,  when  feen  by  the  naked  eye, 
may  be  infinite.  For  fmee  the  apparent  diameter 
is  reciprocally  as  the  diftance  of  the  eye,  when  the 
diftance  of  the  eye  is  nothing,  or  when  the  eye  is 

clofe. 

* Rutherforth's  Syftem  of  Natural  Philofophy,  p.  330^  , 
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clofe  to  the  objedl  ut  C,  the  apparent  diameter  will 
be  the  reciprocal  of  nothing,  or  infinite. 

There  is,  however,  one  great  inconvenience 
in  thus  magnifying  an  objed:,  without  the  help  of 
glafles,  by  placing  the  eye  nearer  to  it.  The  in-* 
convenience  is,  that  w'e  cannot  fee  an  objed:  dif- 
tindly,  unlefs  the  eye  is  about  five  or  fix  inches 
from  it;  therefore,  if  we  bring  it  nearer  to  our  eye 
than  five  or  fix  inches,  however  it  may  be  magni- 
fied, it  will  be  feen  confufedly.  Upon  this  ac- 
count, the  greatefi  apparent  magnitude  of  an  ob- 
jed  that  \vt  are  ufed  to,  is  the  apparent  magnitude 
when  the  eye  is  about -five  or  fix  inches  from  it : 
and  we  never  place  an  objed  much  wdthin  that 
diftance  ; becaufe,  though  it  might  be  magnified 
by  this  means,  yet  the  confufion  would  prevent  our 
deriving  any  advantage  from  feeing  it  fo  large. 
The  fizc  of  an  cbjed  feems  extraordinary,  when 
viewed  through  a convex  lens ; not  becaufe  it  is 
impoffible  to  make  it  aj.pear  of  the  fame  fize  to 
the  naked  eye,  but  becaufe  at  the  diftance  from  the 
eye  wdfich  would  be  neceftary  for  this  purpofe,  it 
would  appear  exceedingly  confufed  ; for  which 
reafon,  vve  never  bring  our  .eye  fo  near  to  it,  and 
confequently  as  we  have  not  been  accuftomed  to 
fee  the  objed  of  this  fize,  it  appears  an  extraor- 
dinary one. 

On  account  of  the  extreme  minutenefs  of  the 
atoms  of  light,  it  is  clear,  a fingle  ray,  or  even  a 
fmall  number  of  rays,  cannot  make  a fenfible  im- 
preiTion  on  the  organ  of  fight,  whofe  fibres  are  very 
grofs,  when  compared  to  thelc  atoms ; it  is  necef- 
fary,  therefore,  that  a great  number  ftiould  proceed 
from  the  furface  of  an  objed,  to  render  it  viftble. 
But  as  the  rays  of  light,  which  proceed  from  an 
objed,  are  continually  diverging,  difierent  me- 
thods have  been  contrived,  as  we  have  already 
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Ihewnyou,  either  of  uniting  them  in  a given  point; 
or  of  feparating  them  at  pieafure. 

Thus,  by  the  help  of  convex  lenfes,  we  unite 
in  the  fame  fenfible  point  a great  number  of  rays, 
proceeding  from  one  point  of  an  objed:;  and  a$ 
each  ray  (Carries  with  it  the  image  of  the  point 
from  whence  it  proceeded,  all  the'  rays  united 
muft  form  an  image  of  the  objed:  from  whence 
they  were  emitted.  This  image  is  brighter,  in 
proportion  as  there  are  more  rays  united  ; and 
more  diftind:,  in  proportion  as  the  order  in  which 
they  proceeded,  is  better  preferved  in  their  union. 

We  perceive  the  prefence  and  figure  of  ob- 
jeds  by  the  imprelTion  each  fefpedive  image 
makes  on  the  retina;  the  mind,  in  confequence 
of  thefe  impreflions,  forms  conclufions  concerning 
the  fize,  pofition,  and  motion  of  the  objed:.'  It 
muft  however  be  obferved,  that  thefe  conclufions 
are  often  redlified  or  changed  by  the  mind,  in 
confequence  of  the  elfeds  of  more  habitual  im- 
prefiions.  For  example ; there  is  a certain  dif- 
tance,  at  which,  in  the  general  bufmefs  of  life,  we 
are  accuftomed  to  fee  objecds:  now,  though  the 
meafure  of  the  image  of  thefe  objeds  changes  con- 
fiderably  when  they  move  from,  or  approach 
nearer  to  us,  yet  we  do  not  perceive  that  their  fize 
is  much  altered : but  beyond  this  difiance,  we 
find  the  objeds  appear  to  be  diminifiied,  or  in- 
creafed,  in  proportion  as  they  are  more  or  lefs  dif- 
tant  from  us. 

For  infiance,  if  I place  my  eye  fuccefiively  at 
two,  at  four,  and  at  fix  feet  from  the  fame  perfon, 
the  dimenfions  of  the  image  on  the  retina  will  be 
nearly  in  the  proportion  of  i , of  i,  of  t,  end  confe- 
quently  they  fltould  appear  to  be  diminifiied  in  the 
fame  proportion ; but  vve  do  not  perceive  this  di- 
minution, becaufe  the  miind  has  redified  the  im- 
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preflion  received  on  the  retina.  To  prove  this, 
we  need  only  confider,  that  if  we  fee  a peiTon  at 
120  feet  didance,  he  will  not  appear  fo  ftrikingly 
fmall,  as  if  the  fame  perfon  fliould  be  viewed  from 
the  top  of  a tower,  or  other  building,  120  feet 
high,  a fituation  to  which  we  had  not  been  accuf- 
tomed. 

From  hence,  alfo,  it  is  clear,  that  when  we 
place  a glafs  between  thp  objecl:  and  the  eye,  which 
from  it’s  figure  changes  the  direction  of  the  rays 
of  light  from  the  objecl,  this  objecfl  ought  not  to 
be  judged  as  if  it  were  placed  at  the  ordinary  reach 
of  the  fight,  in  which  cafe  w'e  judge  of  it’s  fize 
more  by  habit  than  by  the  dimenlions  of  the  ima- 
ges formed  on  the  retina:  but  it  muft  be  efiimated 
by  the  fize  of  the  image  in  the  eye,  or  by  the  an- 
gle formed  at  the  eye,  by  the  two  rays  which  come 
from  the  extremity  of  the  objedl. 

If  the  image  of  an  objedl,  formed  after  re- 
fradlion,  is  greater  or  lefs  than  the  angle  formed  at 
the  eye,  by  the  rays  proceeding  from  the  extremi- 
ties of  the  objedt  itfelf,  the  objedl  will  appear  alfo 
proportionably  enlarged  or  diminifiied ; fo  that  if 
the  eye  approaches  to,  or  removes  from,  the  laft 
image,  the  objedl  will  appear  to  increafe  or  dimi- 
nifii,  though  the  eye  fhould  in  reality  remove  from 
it  in  one  cafe,  or  approach  towards  it  in  the  other; 
becaufe  the  image  takes  place  of  the  objedl,  and  is 
confidered  inftcad  of  it. 

The  apparent  difiance  of  an  objedl  from  the 
eye,  is  not  mcafured  by  the  real  difiance  from  the 
lafi  image;  for,  as  the  apparent  difiance  is  efii- 
mated principally  by  the  ideas  we  have  of  their 
fize,  it  follows,  that  when  \ve  fee  objedl:s,  whofe 
images  are  increafed  or  diminifned  by  refradlion, 
w'e  naturally  judge  them  to  be  nearer  or  further 
from  the  eye,  in  proportion  to  the  fize  thereof, 
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when  compared  to  that  with  which  we  are  ac- 
quainted. The  apparent  diflance  of  an  object  is 
confiderably  alfc(ftcd  by  the  brightnefs,  diftindt- 
nefsj  and  magnitude  thereof.  Now  as  thefe  cir- 
cumfbanccs  are,  in  a certain  degree,  altered  by  the 
refradtion  of  the  rays  in  their  pafTing  through  dif-  ■ 
tcrent  media,  they  will  alfo,  in  fomc  mcafure, 
affedt  the  ertirnation  of  the  apparent  diflance. 

Of  the  Single  Microscope. 

The  finglc  microfeope  renders  minute  objedls 
vifible,  by  means  of  a fmall  glafs  globule,  or  con- 
vex lens,  of  a fliort  focus.  Let  E Y,  fig.  6,y>/.  8, 
reprefent  the  eye  ; and  O B,  a fmall  objedl  fituated 
very  near  to  it,  confequently  the  angle  of  it’s  ap- 
parent magnitude  very  large.  Let  the  convex  lens 
RS  be  interpofed  betw'een  the  eye  and  the  objedl, 
fo  that  the  diflance  between  it  and  the  objedl  may 
be  equal  to  the  focal  length ; and  the  rays  which 
diverge  from  the  objedl,  and  pafs  through  the  lens, 
w'ill  afterwards  proceed,  and  confequently  enter 
the  eye  parallel : after  w'hich,  they  will  be  con-  . 
verged,  and  form  an  inverted  image  on  the  retina, 
and  the  objedl  will  be  clearly  feen  ; though,  if  re- 
moved to  the  diftance  of  fix  inches,  it’s  fmallnefs 
would  render  it  in  vifible. 

When  the  lens  is  not  held  clofc  to  the  eye,  the 
objedl  is  fomewhat  more  magnified  ; becaufe  the 
pencils,  which  pafs  at  a diflance  from  the  center 
of  the  lens,  arc  refraclcd  inward  towards  the  axis, 
and  confeqiiently  feern  to  come  from  points  more 
remote  from  the  center  of  the  objedl. 

I'ig.  io,  pL  8,  may,  perhaps,  give  the  reader  a 
flill  clearer  view,  why  a convex  lens  increafes  the 
angle  of  viuon.  Without  a lens,  as  FG,  the  eye  ■ 
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at  A would  fee  the  dart  B C under  the  angle  b A c ; 
but  the  rays  B F and  C G from  the  extremities  of 
the  dart  in  palling  through  the  lens,  are  refradled 
to  the  eye  in  the  dire^flions  fA  and  G a,  which 
caufes  the  dart  to  be  feen  under  the  rhuch  larger 
angle  Dx\E  (the  fame  as  the  angle  f Ag).  And 
therefore,  the  dart  B C will  appear  fo  much  mag- 
nified, as  to  extend  in  length  from  D to  E. 

The  objed,  when  thus  feen  diflindly,  by 
means  of  the  Imall  lens,  appears  to  be  magnifit^d 
nearly  in  the  proportion  which  the  focal  diflance 
of  the  glafs  bears  to  the  diflance  of  the  objeds, 
when  viewed  by  the  naked  eye. 

To  explain  this  further,  place  the  eye  clofc  to 
the  glafs,  that  as  much  of  the  objed  may  be  feen 
at  one  view  as  is  pofhblc  ; then  remove  the  objed 
to  and  fro,  till  it  appears  perfedly  diflindi^  and 
well  defined  ; now  remove  the  lens,  and  fubflitute 
In  it’s  place  a thin  plate,  with  a very  fmall  hole  in 
it,  and  the  objed  will  appear  as  diflind,  and  as 
much  magnified,  as  with  the  lens,  though  not 
quite  fo  bright;  and  it  appears  as  much  more 
iT\agnilied  in  this  cafe,  than  it  does  when  viewed 
with  the  naked  eye,  as  the  dilfance  of  the  objed 
from  the  hole,  or  lens^  is  Icfs  than  the  diflance  at 
which  it  may  be  feen  diftindly  with  the  naked 
eye. 

From  hence  we  fee,  that  the  whole  effed  of 
the  lens  or  microfeope  is  to  render  the  objed  aif- 
tind,  which  it  docs  by  afTiifing  the  eye  to  increafe 
the  refradion  of  the  rays  in  each  pencil ; and  that 
the  apparent  magnitude  is  entirely  owing  to  the 
objed  being  feen  fo  much  nearer  the  eye  than  it 
could  be  viewed  without  it. 

In  other  words,  a lingle  microfeope  removes 
the  confufion  that  accompanies  objeds  when  feen 
very  near  the  eye,  while  it  leaves  the  vifual  angle 
the  fame,  i.  It  removes  th^  confulion,  for  the 
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objcdl  being  placed  in  the  focus  of  the  lens,  the 
rays  emerging  from  thence  are  parallel,  which  you 
know^  is  necelfary  to  diftinQ;  vifion.  2.  The  angle  , 
is  the  fame,  for  w hether  the  eye  touches  the  glafs, 
or  is  removed  a little  way  from  it,  it  appears  un- 
der the  fame  angle  as  it  would  to  the  eye  placed 
where  the  glafs  is  fixed. 

Single  microfeopes  magnify  the  diameter  of 
the  object  as  we  have  already  fliewm,  in  the  pro- 
portion of  the  focal  diftance  (to  the  limits  of  dif- 
tincT  vifion  wdth  the  naked  eye)  to  eight  inches. 
For  example,  if  the  femi-diameter  of  a lens, 
equally  convex  on  both,  fides,  be  half  an  inch, 
which  is  alfo  equal  to  it"s  focal  diftance,  we  fliall 
have  as  ~ is  to  8,  fo  is  i to  16 ; that  is,  the  diame- 
ter of  the  object  in  the  proportion  of  fixtecn  to 
orke.  As  the  diltance  of  eight  inches  is  always  the 
fame,  it  follows,  that  by  how  much  the  focal  dif- 
tance  is  frnallcr,  there  will  be  a greater  difference 
betv/een  it  and  the  e*ight  inches  ; and  confequently, 
the  diameter  of  the  object  will  be  fo  much  the 
more  magnified,  in  proportion  as  the  lenfes  are 
fegments  of  final ler  fphcrcs. 

As  the  clofer  the  object  is  to  the  eye  the 
larger  it  appears,  it  follows,  that  a double  and 
equally  convex  lens  is  preferable  to  a plano-con- 
vex lens,  bccaufe  with  equal  convexities  the  focal 
length  of  the  loTiner  is  only  half  as  long  as  the 
latter.  Now  as  the  double  convex  conlifts  of  two 
fegments  of  a fphere,  the  more  an  objehl  is  to  be 
magnified,  the  greater  muff  be  the  convexity,  and 
therefore  the  finaller  the  fphere,  till  at  laft  the 
utmoff  degree  of  magnifying  power  will  require 
that  thcle  fegments  become  hemifphercs,  and  con- 
fequently  the  lens  will  be  reduced  to  a perfed 
fpherule,  or  very  fmali  fphere. 

Very  extraordinary  magnifying  pow’ers  may 
be  obtained  by  means  of  fmall  fpherules,  for  the 
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focus  of  parallel  rays  is  only  half  the  radius  diflant 
from  the  fpherulc  ; therefore,  if  the  radius  of  the 
fpherule  be  tV  of  an  inch,  the  eye  will  have  dif- 
tin61;  vifion  ot  an  objeft  by  means  thereof  at  the 
diftance  of  a radius  and  a half,  i.  e.  A of  an  inch, 
which  is  but  the  fortieth  part  of  6 inches,  fo  that 
the  length  of  an  objed:  will  be  magnified  40  times, 
the  furfacc  i 600. 

Of  the  Double  or  Compound  Microscope. 

In  the  compound  microfeope,  the  image  is 
viewed  inftead  of  the  objed,  which  image  is  mag- 
nified by  a Tingle  lens,  as  the  objed  is  in  a lingle 
microfeope.  It  confifts  of  an  objed  lens,  LN, 
fig.  8,  pL  8,  and  an  eye-glafs  F CF  The  objed 
O B is  placed  a little  further  from  the  lens  than 
it’s  principal  focal  diTiance,  fo  that  the  pencils  of 
rays  proceeding  from  the  different  points  of  the 
objed  through  the  lens,  may  converge  to  their  re- 
fpedive  foci,  and  form  an  inverted  image  of  the 
objed  at  P Q ; which  image  is  viewed  by  the  eye 
through  the  eye-glafs  F G,  which  is  fo  placed,  that 
the  image  may  be  in  it’s  focus  on  one  fide,  and  the 
eye  at  the  fame  diftance  on  the  other.  The  rays 
of  each  pencil  will  be  parallel,  after  pafling  out  of 
the  glafs,  till  they  reach  the  eye  at  E,  where  they  will 
begin  to  converge  by  the  refradive  powers  of  the 
humours  ; and  after  having  crofted  each  other  in 
the  pupil,  and  pafted  through  the  cryftalline  and 
vitreous  humours,  they  will  be  colleded  in  points 
on  the  retina,  and  form  a large  inverted  image 
thereon. 

It  will  be  eafy,  from  what  has  been  already 
explained,  to  underftand  the  reafon  of  the  magni- 
fying  power  of  a compound  microfeope.  The 
objed  is  magnified  upon  two  accounts  ; firft,  be- 
caufc  if  we  viewed  the  image  with  the  naked  eye, 
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it  would  appear  as  much  larger  than  the  objeQ,  ;is 
the  image  is  really  larger  than  it,  or  as  the  diftance 
f R is  greater  than  the  diftance  f b ; and  fecondly, 
bccaufe  this  pidlure  is  again  magnified  by  the  eye- 
glafs,  upon  the  principle  explained  in  the  foregoing 
article  on  vilion  by  finglc  microfeopes. 

But  it  is  to  be  noted,  that  the  image  formed 
in  the  focus  of  a lens,  as  is  the  cafe  in  the  com- 
pound microfeope,  differs  from  the  real  objedl  in 
a very  effential  particular  ; that  is  to  fay,  the  light 
being  emitted  from  the  objedi  in  every  diredlion, 
renders  it  vifible  to  an  eye  placed  in  any  pofition  ; 
but  the  points  of  the  image  formed  by  a lens,  emit- 
ting no  more  than  a fmall  conical  body  of  rays, 
which  arrives  from  the  glafs,  can  be  vifible- only 
when  the  eye  is  fituated  within  it’s  confine.  Thus 
the  pencil,  w-hich  emanates  from  O in  the  objed:, 
and  is  converged  by  the  lens  to  D,  proceeds  after- 
wards diverging  towards  H,  and  therefore  never 
arrives  at  the  lens  F G,  nor  enters  the  eye  at  E. 
But  the  pencils  which  proceed  from  the  points  o 
and  b,  will  be  received  on  the  lens  F G,  and  by  it 
carried  parallel  to  the  eye  ; confequently,  the  cor-  . 
refpondent  points  of  the  image  Q P will  be  vifible; 
and  thofc  which  are  fi.uated  farther  out  towards  H 
and  I,  wdll  not  be  fccn.  This  quantity  of  the 
image  Q P,  or  vifible  area,  is  called  the  field  of 
view'. 

Hence  it  appears,  that  if  the  image  be  large, 
a very  fniall  part  of  it  will  be  vifible  ; bccaufe  the 
pencils  of  rays  will  for  the  moft:  part  fill  without 
the  eyc-glafs  F G.  And  it  is  likew-ife  plain,  that 
a remedy  which  would  caufe  the  pencils,  which 
proceed  from  the  extremes  O and  B of  the  objccl, 
to  arrive  at  the  eye,  will  render  a,  greater  part  of  it 
vifible  ; or,  in  other  words,  enlarge  the  field  of 
view.  This  is  cffecled  by  the  interpofition  of 
a broad  lens  DE  of  a proper  curvature,  at  a 
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fmall  diflancc  from  the  focal  image.  For  by  that 
means,  the  pencil  DM,  which  would  otheiwi  c 
have  proceeded  towards  H,  is  refradlcd  to  the  eye 
as  delineated  in  the  figure,  and  the  mind  conceives 
from  thence  the  exigence  oi  a radiant  point  at 
from  which  the  rays  lad'  proceeded.  In  like  man- 
ner,  and  by  a ’parity  of  reafon,  the  other  exti  cnie 
of  the  image  is  feen  at  P,  and  the  intermediate 
points  are  alfo  rendered  vifible.  On  thefc  conii- 
derations  it  is,  that  compound  rnicrofeopes  are 
ufually  made  to  confift  of  an  objedl  lens  LN,  by 
which  the  image  is  formed,  enlarged,  and  inverted  ; 
an  amplifying  lens  DE,  by  which  the  field  of 
view  is  enlarged,  and  an  eyc-glafs  or  lens,  by  means 
of  which  the  eye  is  allowed  to  approach  very  near^ 
and  confequently  to  view  the  image  under  a very 
great  angle  of  apparent  magnitude.  It  is  now 
cuftomary  to  combine  two  or  more  lenfes  together 
at  the  eye-glafs,  in  the  manner  of  Eudachio  Di- 
vini  and  M.  Joblot ; by  which  means,  the  aberra- 
tion of  light  from  the  figure  is  in  fome  meafure 
correded,  and  the  apparent  field  increafed. 

Of  the  Solar  Microscope. 

I 

In  this  infirument,  the  image  of  the  objcvfi:  is 
thrown  upon  a fereen  in  a darkened  room.  It  may 
’ be  confidered  under  two  diftind:  heads:  iff,  the 
mirror  and  lens,  which  are  intended  to  refledl  the 
light  of  the  fun  upon  the  objedi;  and  2dly,  that 
part  which  conftitutes  the  microlcope,  or  which 
produces  the  magnified  image  of  the  obje6I,  9> 
pi.  8.  Let  N O reprefent  the  fide  of  a darkened 
chamber  ; CjM  a fmall  convex  lens,  fixed  oppofite 
to  a perforation  in  the  fide  NO;  A B a plane  mirror, 
or  looking-glafs,  placed  without  the  room  to  refledt 
the  folar  rays  a,  b,  c,  &c.  on  the  lens  C D,  by  \\  hich 
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they  are  converged  and  concentrated  on  the-ob- 
jedl  fixed  at  E F. 

2.  The  objecl:  being  thus  illuminated,  the  ray 
Avhich  proceeds  from  E will  be  converged  by  the 
lens  G H f o a focus  K,  on  the  fcrcen  L M ; and 
the  ray  w hich  comes  from  F will  be«  converged  to 
I,  and  the  intermediate  points  will  be  delineated 
betw  een  I and  K ; thus  forming  a pidlure,  which 
will  be  as  much  larger  than  the  objedl,  in  propor- 
tion as  the  diflance  of  the  fcreen  exceeds  that  of 
the  image  from  the  objeft. 

General  Observations. 

From  what  has  been  faid,  it  appears  plainly^ 
the  advantages.w e gain  by  microfeopes  are  derived, 
hfft,  from  their  'magnifying  power,  by  which  the 
eye  is  .enabled  to  view'  miore  dihindly  the  parts  of 
minute  otjeds : fecondly,  that  by  their  alTiflance, 
more  light  is  thrown  into  the  pupil  of  the  eye, 
than  is  done  without  them.  The  advantages  pro- 
cured by  the  magnifying  power,  would  be  exceed- 
ingly circumferibed,  if  they  were  not  accompanied 
by  the  latter:  for  if  the  fame  quantity  of  hght  is 
diffuled  over  a much  larger  furface,  it’s  force  is 
proportionably  diminifi^icd  ; and  therefore  the  ob- 
ject, though  magnified,  will  be  dark  and  obfeure. 
Thus,  fiippofe  the  diameter  of  the  objed  to  be  en- 
larged ten  timies,  and  confequently  the  furface  one 
hundred  times,,  yet,  if  the  focal  difiance  of  theglafs 
w'as  eight  inches,  (provided  this  was  pofiiblc)  and 
it^s  diameter  only  about  the  fize  of  the  pupil  of 
the  eye,  the  objed  would  appear  one  hundred 
times  more  obfeure  w hen  view  ed  through  theglafs, 
than  when  it  w^as  feen  by  the  naked  eye  ; and  this 
even  on  the  fuppofition,  that  the  glafs  tranfmitted  • 
all  the  light  which  fell  upon  it,  w hich  no  glafs  can 


Of  Microscopes, 


553 


do.  * But  if  the  glafs  was  only  four  inches  focal 
dilfance,  and  it’s  diameter  remained  as  before,  the 
inconvenience  would  be  vaftly  dimini  hied  ; be- 
caufe  the  glafs  could  be  placed  twice  as  near  the 
objedl  as  before,  and  would  confequently  receive 
four  times  as  many  rays  as  in  the  former  cafe,  and 
we  fliould  therefore  fee  it  much  brighter  than  be- 
fore. By  going  on  thus,  diminifliing  the  tocal 
diftance  of  the  glafs,  and  keeping  it’s  diameter  as 
large  as  polTibie,  we  hiall  perceive  the  obje61  pro- 
portionably  magnified,  and  yet  remain  bright  and 
difiindf.  Though  this  is  the  cafe  in  theory,  yet 
there  is  a limit  in  optical  inhruments,  which  is 
foon  arrived  at,  but  which  cannot  be  paiTed.  This 
arifes  from  the  following  circumfbances.* 

1.  The  quantity  of  light  loft  in  palling 
through  the  glafs. 

2.  The  diminution  in  the  diamieter  of  the 
glafs  or  lens  itfelf,  by  which  it  receives  only  a 
Imall  quantity  of  rays. 

3.  The  extreme  ftiortnefs  of  the  focal  diftance 
of  great  magnifiers,  whereby  the  free  accefs  of  the 
light  to  the  objedt  we  wifh  to  view  is  impeded, 
and  confequently  the  reflection  of  the  light  from  it 
is  weakened. 

4.  The  aberration  of  the  rays,  occaftoned  by 
iheir  different  refrangibility. 

lo  make  this  more  clear,  let  us  fuppofe  a 
lens  made  of  fuch  dull  kind  of  glafs,  that  it  tranf- 
mits  only  one  half  the  light  that  falls  upon  it.  It 
is  evident,  that  fuppofing  this  lens  to  be  of  four 
inches  focus,  and  to  magnify  the  diameter  of  the 
objed;  twice,  and  it’s  own  breadth  equal  to  that  of 
the  pupil  of  the  eye,  the  objed  will  be  four  times 
magnified  in  furface,  but  only  half  as  bright  as  if 
it  was  feen  by  the  naked  eye  at  the  ufuai  diftance ; 

for 

♦ Encycippedii  Brit^nnica,  vol,  viii.  p.  5635, 
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ior  the  light  which  falls  upon  the  eye  from  the 
object  at  eight  inches  dihance,  and  likewife  the 
fiirface  of  the  objedt  in  it’s  natural  fize,  being  both 
reprefented  by  i,  the  furface  of  the  magnihed 
o-bjedl:  wiM  be  4,  and  the  light  which  makes  it 
viiiblc  only  2 ; becaule  though  the  glafs  receives 
four  times  as  much  light  as  the  naked  eye  does  at 
the  iifual  diflancc  ol  dihindl  vifion,  yet  one  half  is 
lo-ih  in  paffing  through  the  glafs.  The  inconve- 
iiiencc^  in  this  refpedl,  can  only  be  removed  fo  far 
»s  it  is  poffible  to  increafe  the  tranfparency  of  the 
glafs,  that  it  may  tranfmit  nearly  all  the  rays  which 
iai'i  upon  it ; and  how  far  this  can  be  done,  has 
not  been  yet  afcertained. 

The  fecond  obllacle  to  the  perfedlion  of  mi- 
crofcopic  glalfes,  is  the  fmall  fizc  of  great  magni- 
fiers ; by  which  meanSj  notwithhanding  their  near 
approach  to  the  objecl;,  they  receive  a fmallerquan- 
t-i t}T  of  light  than  might  be  cxpedled.  Thus,  fup- 
pofe  a glafs  of  only  one-tenth  of  an  inch  focal 
di dance,  fuch  a glafs  would  increafe  the  vifible 
diameter  eighty  times,  and  the  furface  6400  times. 
If  the  breadth  of  the  glafs  could  at  the  fame  time 
be  preferved  as  great  as  the  ]5upil  of  the  eye,  which 
we  ihall  fuppofe  onc-tenth  of  an  inch,  the  objedf 
would  appear  magnified  6400  times,  and  every 
part  would  be  as  bright  as  it  appears  to  the  naked 
eye.  But  if  we  fuppofe  the  lens  to  be  only  of 
an  inch  diameter,  it  will  then  only  receive^  of  the 
light  which  would  otherwife  have  fallen  upon  it ; 
therefore,  indcad  of  communicating  to  the  mag- 
nified objedt  a quantity  of  light  equal  to  6400,  it 
w ould  communicate  an  illumination  fuited  only  to 
i6cc,  and  the  magnilicd  objed  would  appear  four 
times  as  dim  as  it  does  to  the  naked  eye.  This 
inconvenience  can,  however,  be  in  a great  degree 
removed,  by  throwing  a much  larger  quantity  of 
light  on  the  objedt. 
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The  third  obflaclc  arifes  from  the  fliortncfs  of 
the  focal  didance  in  large  magnifiers  ; this  incon- 
venience can,  like  the  former,  be  remedied  in 
fome  degree  by  artificial  means  of  accumulating 
light;  but  ftiirthe  eye  is  fo  drained,  as  it  mud  be 
brought  nearer  the  glafs  than  it  can  v/cll  bear, 
which  in  fome  meafure  fuperfedes  the  ufe  of  very 
deep  lenfes,  or  fuch  as  arc  capable  of  magnifying 

beyond  a certain  degree. 

The  fourth  obdacle  arifes  from  the  diffe- 
rent refrangibility  ot  the  rays  of  light,  and  which 
frequently  caufes  fuch  deviations  from  truth  in 
the  appearance  of  things,  that  many  have  ima- 
gined themfelves  to  have  made  furprizing  difeo- 
veries,  and  have  communicated  them  as  fuch  to 
the  world ; when,  in  fa^,  they  have  been  only  op- 
tical deceptions,  owing  to  the  unequal  refradion 
of  the  rays. 


CONCLUSION. 

After  all  that  has  been  faid  on  optics,  Szc.  the 
qiiedion  dill  occurs,  /s  light  f how  is  it 

formed  P and  of  what  fiihfance  F Thefe  are  quef- 
tions  that  have  been  canvalfed  and  difputed  fince 
the  drd  origin  of  fcience  and  philofophy ; and 
numberlefs  are  the  conjedures  which  at  diderent 
periods  have  arifen  concerning  them  in  tl>e  fchools 
of  learning. 

Empedocles,  one  of  the  carlicft  philofophers 
of  Greece,  taught  that  light  was  an  emanation  of 
certain  luminous  atoms,  fubtil  enough  to  pervade 
the  invifible  pores  of  air,  water,  and  other  dia- 
phanous bodies.  Plato  feems  to  have  been,  in 
every  material  circumdance,  of  the  fame  opinion ; 
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and  further  maintained^  that  colour  is  no  more 
than  an  extremely  rare  and  fubtil  flame,  capable 
of  penetrating  the  denfeft  bodies.  Empedocles 
accounted  for  vifion  in  a two-fold  way,  that  it  was 
performed  by  the  effluvia  which  proceed  from  the 
objed,  and  by  the  emiflion  of  light  from  the  eye, 
as  from  a lanthorn.  The  latter  opinion  is  proved, 
by  a paflage  cited  by  Ariftotle ; it  is  a beautiful 
remains  of  antiquity.  I (hall  give  it  you  from 
Sydenham’s  tranflation : 

As  when  the  traveler  in  dark  winter’s  night. 

Intent  on  journey,  kindles  up  a light, 

The  moon,  like  fplendor  of  an  oil-fed  flaine. 

He  fets  it  in  fome  lantern’s  horny  frame  ; 

Calm  and  ferene  there  (its  the  tender  form. 

Screen’d  from  rough  winds,  and  from  the  wintry  florin. 
In  vain  rude  airs  aifault  the  gentle  fire, 

Their  forces  break,  difperfe,  and  they  retire  ; 

Fences  feenre,  tho’  thin,  the  Jair  inclofe, 

And  her  bright  head  (he  lifts  amidft  her  fees. 

Thro’  the  flrait  pores  of  the  tranfparent  horn, 

She  fhoots  her  radiance,  mild  as  early  morn. 

Forth  fly  the  rays ; their  fhining  path  extends, , 

Till  loft  in  the  wide  air,  their  leis’ning  Inftre  ends. 

So  when  the  fire  frcfli  lighted  from  on  high, 

Sits  in  the  circling  pupil  of  an  eye  ; 

O’er  it,  tranfparent  veils  of  fabric  fine 

Spread  the  thin  membrane,  and  defend  the  flirinc  ; 

The  fubtil  flame  inclofing  like  a mound. 

Safe  from  the  flood  of  humours  flowing  round. 

Forth  fly  the  rays,  and  their  bright  paths  extend, 

Till,  in  the  wide  air  loft,  their  luftres  end.* 

* Nor  is  this  reafoning  of  the  ancients  to  be  altogether 
defpifed,  for  there  are  various  arguments  and  experiments  to 
prove  that  the  feat  of  fenfe  is  not  entirely  padive  in  receiving 
images,  but  thaf  It  alfo  dircdls  a ray  from  itfelf,  to  every  objeA 
it  perceives.  The  aftion  and  re-aftion  between  obje6ls  and  the 
feat  of  fenfe  is  wholly  reciprocal,”  A.  Wiflon,  M.  D.  Medical 
Rejearches, 
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Defcartes  maintained,  that  light,  as  it  cxiflcd 
in  the  luminous  body,  is  nothing  but  a power  or 
faculty  of  exciting  in  us  a very  clear  and  vivid 
fenfation;  and  that  the  invifible  pores  of  lucid 
bodies  are  pervaded  by  a fubtil  and  highly  elaftic 
matter,  capable  of  being  impelled  by  thefe  bodies, 
and  of  producing  on  the  organs  of  vilion,  when 
properly  formed,  the  perception  of  light. 

Sir  Ifaac  Newton  feems  to  have  formed  no 
diredt  opinion  on  the  fubjedl ; from  what  he  has 
faid  we  may  conclude,  he  thought  it  coniifted  of 
folid  particles  of  matter,  when  explaining  more 
particularly  the  nature  of  light,  he  fays,  that  it  is 
refradled  and  retiecled  by  an  etherial  rriedium,  by 
the  vibrations  of  which,  it  communicates  heat  to 
bodies,  and  is  put  into  fits  of  eafy  refledlion  and 
tranfmiluo4i. 

In  the  peripatetic  fchool,  light  was  confidered 
as  a fubhance,  neither  purely  fpiritual  nor  purely 
corporeal^  and  was  therefore  defined  a materia 
media  ; and  indeed,  when  we  contemplate,  with  a 
philofophic  eye,  the  aftonifliing  efiedts  of  light, 
we  find  fufficient  ground  for  accounting  it  of  a 
nature  widely  difierent  from  lumpiih, grofs,  inac- 
tive rnatter.  That  light,  however,  is  material, 
cannot,  as  we  have  already  fine  wed  you,  be 
difputcd  with  any  degree  of  probability.  The 
materiality  not  only  appears  from  it’s  being  pro- 
pagated in  time,  but  from  it’s  not  bending  into 
lhadow.  The  folar  rays  are  not  only  capable  of 
being  colledled  by  a burning-glafs,  but  when  col- 
ledled,  exhibit  marks  of  a power  altogether  irre- 
liftible.  If  a diamond,  the  hardeft  of  terreous 
bodies,  be  placed  in  the  focus  of  a burning-glafs, 
the  light  immediately  enters  it,  tears  it’s  parts 
afunder,  divides  and  dilfolves  them.  Here  you 
perceive  the  lens  acting  upon  the  light,  and  the 
light  upon  the  diamond.  Since,  therefore,  light 

both. 
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both  a6ls  and  is  adcd  upon,  as  matter,  \vc  mull  allow' 
it’s  properties  to  be  material. 

The  unparallelled  fubtilty  of  light,  and  the 
impoflibility  of  fubjedling  it  to  chemical  analylis, 
render  every  inquiry  into  it’s  elTence  peculiarly  ar- 
duous and  difhcLik.  Many  and  various  are  the 
phenomena  which  point  out  the  mofl  intimate  and 
immediate  connexion  between  fire  and  light. 
You  all  know,  that  thofe  bodies  which  are  heated 
moft  intenfely,  are  molt  luminous,  and  that  the 
light  of  the  fun  concentrated  by  convex  glalTes, 
produces  a degree  of  heat  almofl:  irrefiftible.  Here 
you  perceive,  that  fire  produces  light,  and  light 
produces  the  mofl;  intenfe  heat.  If,  therefore,  the 
fame  caufes  produce  the  fame  effedls,  or,  inverting 
the  axiom,  if  the  fame  effeds  proceed  from  the  fame 
caufes,  it  mufl:  be  inferred  in  the  prefent  inftance, 
that  light  and  fire  are  either  one  and  the  fame  fub- 
fiance,  or  at  leaft  in  the  immediate  chain  of  caufe 
and  effedf. 

The  connedlion  between  fire  and  light  is  fur- 
ther evinced  by  the  well-known  effedls  of  the  latter 
on  mod;  bodies ; innumerable  experiments  fliew', 
that  there  is  a certain  degree  of  heat  at  wdiich  bodies 
become  luminous,  and  that  all  bodies  wdiich  fuf- 
tain  that  heat,  w'ithout  being  converted  into  va- 
pour, may  Liniverfally  be  ignited.  There  are  even 
fome  fubflances,  which,  though  they  evaporate  at  a 
degree  of  heat  far  below  that  at  which  they  fliould 
begin  to  fliine,  may,  by  proper  management,  be 
ignited. 

It  now,  I think,  appears,  that  when  Plato 
defined  light  a rare  and  fubtil  flame,”  he  came 
nearer  the  truth  than  later  philofophers  have  in 
general  imagined.  Can  you  delire  a more  con- 
^ vincing  proof  of  the  folid  judgment  and  penetra- 
tion of  that  ancient  fage,  than  that  after  the  lapfe 
of  fo  many  centuries,  jind  the  vaft  progrefs  made  in 
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the  fcicnce  of  nature,  we  arc  under  the  neccflity  of 
rejecting  the  theories  of  the  moderns,  to  revive 
his  long  exploded  dodtrine,  as  mod  confonant  with, 
facts  and  experiments.  For,  if  to  the  arguments 
already  ufed  to  prove  the  identity  of  fire  and  light, 
it  be  added,  that  light  and  heat  diffufe  thcmfelves 
from  a center  outward,  that  they  adt  in  ftrait  lines, 
and  are  fubjedl  to  the  fame  laws  of  refle<ftion,  we 
can  hardly  withhold  our  alfent  from  the  Platonic 
doctrine. 

It  may  be  further  obferved,  that  in  general  no 
light  is  excited  until  a decompofition  takes  place, 
and  the  fixed,  or  latent  fire,  begins  to  be  feparated 
from  the  bodies : light  may  be  therefore  confidered 
as  fire  pafling  through  certain  drainers  well  de- 
fined, and  as  ex i ding  in  a more  pure  and  dmple 
date,  and  being  lefs  incumbered  with  terreous gra- 
vitating matter,  than  fire. 

And  if  you  furvey  the  various  operations  of 
nature,  with  that  attention  and  accuracy  that  are 
necefiary  in  the  profccution  of  phydeal  inquiries, 
I think  I may  venture  to  alfert,  that  you  will 
not  meet  with  a dngle  indance  from  which  it 
can  appear,  that  light  can  be  excited  without 
the  concurrence  of  the  elementary  principle  of 
fire. 

I have  now  finifhed  another  fet  of  Ledlures, 
and  have  given  you  an  account  of  the  known  pro- 
perties of  light,  and  among  many  other  things 
have  explained  to  you  the  wonderful  mechanifm 
of  the  eye,  whereby  it  is  rendered  the  means  of 
vidon ; and  diewn  you  what  afddancc  it  receives 
from  glades.  It  has  here  alfo  been  fnewn  you, 
that  the  particles,  of  which  light  is  compofed,  are 
of  different  colours,  and  that  the  colour  of  each 
particle  is  lading  and  permanent,  fo  as  not  to  be 
changed  either  by  refraClion  or  rededion ; and 
that  thofe  particles  which  differ  as  to  colour,  differ 
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alfo  as  to  rcfrangibility ; and  that  light,  by  being 
thus  differently  coloured,  dreffes  nature  in  various 
beauties.  In  thefe  Lectures  1 have  explained  to 
you  the  principles  of  the  microfcope  and  telefcope, 
inffruments,  by  which  the  boundaries  of  human 
knowledge  have  been  much  enlarged.  In  this  fet 
ef  Lectures  there  are  further  proofs,  that  aivt 
firCy  and  llghty  are  the  powers  in  nature  by 
which  all  natural  motion  and  life  are  preferved : 
the  moft  ignorant  are  fenfible  of  this  truth,  and  it 
cannot  be  contradidled  by  the  moft  learned.” 

From  the  difcoveries  laid  before  you  in  thefe 
Ledlures,  it  is  evident,  “that  the  works  of  creation 
are  infinitely  more  glorious  than  they  appear  to 
be;  that  they  are  feen’ by  us  under  thofe  circum- 
ffanccs  and  difadvantages  which  obfeure  their  true 
charadfer  and  intrinfic  fplcndor;  that  in  propor- 
tion as  our  attention  is  fixed  upon  them,  their 
lufire  brightens,  their  excellencies  become  more 
conlpicuoLis.”* 

I have  occafionally  pointed  out  to  you  the 
application  of  light  as  a fignificant  emblem  in  the 
facred  Writings,  mwffiich  the  material  elements  of 
avifible  world  are  always  ufed  to  lead  you  to  the 
^ know'ledge  of  one  that  is  fpiritual  and  invifible. 
By  due  attention  to  thefe,  you  will  be  able  to  per- 
ceive the  energies  of  the  Divine  Mind  in  all  the 
various  forms  of  outward  nature,  and  acknowledge 
that  God  alone  is  the  beauty  and  benefit  of  all  his 
works  ; that,  as  they  cannot  cxift  but  in  him  and 
BY  HIM,  fo  HIS  impreffion  is  upon  them,  and  his 
impregnation  through  them. 

'Fhough  the  elements  have  a mixture  of  na- 
tural aiuFphyfical  evil,  yet  divine  order  influences 
throughout,  and  is  an  internal  principle  of  good, 
which  is  alone  all  the  beauty  and  beneficence,  the 

whole 


* Gray’s  Sermons,  p.  9. 
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tvhoie  glory  and  gracioufnefs  that  is  in  them ; nor 
can  they  pofTibly  exhibit  any  beauty  or  amiable- 
hefs  but  what  they  derive  from  God;  All  things 
animate  and  inanimate  co-operate  in  difplaying 
his  wifdom  and  power ; all  unite  in  the  univerfal 
fong  to  the  glory  and  praife  of  their  beneficent 

CREATOR. 

**  Air  uttering  tells  hts  harmony  in  founds  ; 

The  light  reveals  the  fountain  of  it’s  rays. 

And  like  the  feraph  kindles  in  his  praife. 

.—All  echoing  the  supreme’s  defign. 
Beauty  of  love,  and  symmetry  divine  1” 
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OPTICS.— Elate  I. 


Fig.  J, 

P.  155. 

Fig.  10,  p.  177. 

Fig.  18, 

P.  i74,  179* 

Fig.  2, 

p.  161. 

Fig.  11,  p.  177. 

Fig.  19, 

p.  177. 

Fig-  3> 

p.  164. 

Fig.  12,  p.  180. 

Fig.  20, 

p.  1 78. 

Fig.  4. 

P-  173- 

Fig.  13.  p.  179. 

Fig.  21, 

p.  179. 

Fig-  5- 

p.  172, 

Fig.  14,  p.  i8i. 

Fig.  22, 

p.  180. 

Fig.  6, 

p.  172. 

Fig.  P. 

Fig.  23, 

p.  185. 

Fig-  7, 

P.  173. 

Fig.  it»5  p.  182. 

Pig.  24, 

p.  i86j  igu 

Fig.  8, 

p.  174. 

Fig.  ly)  p.  182, 

Fig.  25,  p.  22c. 

Fig.  9’ 

P.  177- 

OPTICS.— Plate  IL 

Fig.  I, 

p.  181. 

'Fig.  7,  p.  217. 

Fig.  1?, 

p.  21Q. 

Iig.  2, 

p.  182. 

Fig.  8,  p.  207. 

Fig.  135 

p.  187’. 

Fig. 

p.  181. 

Fig.  9,  p.  184. 

Fig.  14, 

p.  191. 

Fig.  4,  p.  102. 

Fig.  lo,-  p.  208. 

Fig.  15, 

p.  192. 

Fig-  5> 

p.  226. 

Fig.  1 1,  p.  189. 

Fig.  15,= 

*‘p.  194, 

Fig.  6, 

p.  19^- 

OPTICS.— Plate  III. 

Fig.  1, 

a fmall 

Fig. 

4,  p.  188. 

Fig.  8, 

p.  291. 

portable  came- 

Fig. 

5,  p.  188. 

Fig.  9: 

p.  291, 

ra  obfeura. 

Fig. 

65  p.  21 1. 

Fig.  10, 

p.  286. 

Fig.  2, 

p.  206. 

Fig. 

7,  p.  212. 

Fig.  J2, 

p.  212. 

OPTICS.— Plate  IV. 

Fig.  1, 

p.  218. 

Fig. 

5,  p.  219. 

Fig-  9: 

p.  189. 

Fig.  2, 

p.  218. 

Fig. 

6,  p.  219. 

Fig.  10, 

p.  291 . 

Fig.  3. 

p.  2i8. 

Fig. 

7j  p.  ^19. 

Fig.  11, 

p.  512. 

Fig.  4. 

p.  2 1 8. 

Fig. 

8,  p.  219. 

Fig.  12, 

p.  512, 

Lg.  5> 

p.  219. 

OPTICS.— Plate  V. 

Fig.  1, 

p.  227. 

Fig. 

8,  p.  222. 

Fig. 

P-  233- 

Fig.  2, 

p.  227. 

Fig. 

9,  p.  229. 

Fig.  15: 

P-  234- 

Fig-  3. 

p.  227. 

Fig, 

10,  p.  230. 

Fig.  16, 

P-  235. 

Fig.  4, 

p.  228, 

V ig. 

11,  p.  230. 

Fig.  1 7, 

P-  23-> 

Fig. 

p.  228. 

Fig. 

12,  p.  231. 

Fig.  18, 

p.  23b. 

Fig.  6, 

p.  22B. 

Fig. 

13:  P.  233. 

Fig.  19: 

p.  236. 

I'S-  7, 

P.  229. 

O O 2 


OPTICS. 


REFERENCES  to  the  PLATES  of  VOL.  IL 
/OPTICS.— Plate  VI. 


I,  P-  245* 
Fig.  2.  p.  257. 
Fig.  3j  P*  247* 
Fig.  4>  P.  28. 
Fig.  5>  P-  236. 
Fig.  6,  p.  252. 


Fig.  7j  P.  254; 
Fig.  8,  p.  364. 
Fig.  9>  p.  363. 
Fig.  JO,  p.  366. 
Fig.  11}  p.  372. 
Fig.  12,  p.  373. 


Fig.  i3»  P‘  379* 

Fig.  i3,*p.  485* 

Fig.  14,  p.  486. 

Fig.  15,  p.  493- 
Fig.  16,  p.  494.\  ^ 
Fig.  i7>  P-  381,  ^'3* 


OPTICS.-^Plate  VII. 


Fig.  2,  p.  455. 
Fig.  3>  P-  486.' 
Fig.  4j  5)  anti  6, 

p.  4^8,  489. 

Fig.  7»  p.  500. 


Fig.  8,  p.‘  503. 
Fig.  9,  p.  503. 
Fig.  10,  p.  507. 
Fig.  11,  p.  507. 

Fig.  12,  p.  387. 


Fig.  i3j  P.  387. 
Fig.  i4>  p.  390-' 
Fig.  i5j  p.  3960 

Fig.  16,  p 

Fig.  J7>  p.  397* 


OPTICS.—Plate  VIII. 


•Fig.  I,  p.  513* 

Fig.  2,  p.  529. 
Fig.  3'  P*  534- 
Fig.  4,  p.  541.' 


Fig.  5j  P-  542. 
Fig.  6,  p.  546. 
Fig^  7>  P-  510* 


Fig.  8,  p;  549, 

Fig.  9>  P-551. 
Fig.  lo,  p.  5460 


ERRATA  ill  the  FIGURES. 


Fage  180,  line  i,/or  fig.  12,  pi.  fig.  2,  pi.  2. 

- 194,  — 8, /or  fig.  15,  pi.  2,  read  fig.  15,*  hecaufithiri 

are  tzoo  Jig.  15  zw  this  plate » 

286,  — 18, /or  fig.  J,  roatf  fig.  JO,//.  3. 

39o»  ■—  i5»/^i‘iig.  11,  pi.  7>  fig-  i4»ph7* 

* 485,  — 6, /or  fig.  13,  pi.  6,  rofloJ  fig.  13/  pi,  6; 
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